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CHAPTER 1: 
GENERAL INTRODUCTION

CHAPTER 1
Man’s best friend.

This common phrase designating domestic dogs illustrates their success as a social species 
and could be seen as the desire of humankind for dogs to be creatures that are versatile in 
fulfilling the most varied tasks. Dogs are bred to fulfil a certain physical and behavioural 
purpose, sometimes by pushing the phenotypes to the limit. However, the owner’s expectation 
of the dog can diverge from what the dog has to offer. A fluffy, cuddly look can hide a decidedly 
different behaviour. Additionally, breeders may not take into account the owners’ expectation of 
the dog’s behaviour and focus too much on its appearance. Is humankind asking too much of 
our furry friends? To what extent are the dogs we breed really prepared to be healthy and 
functional in a household? The thread of this doctoral research is to identify what link one can 
expect between a dog and its origin.
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1. The rise of the pet dog 

From early domestication in Late Pleistocene (Larson et al., 2012) to recent days, dogs have 
been kept and bred to fulfil various tasks, ranging from companionship to production of fur 
(Wilcox and Walkowicz, 1989). It is very likely that domestication of a canine ancestor occurred 
in first settlements and early agriculture, and is accepted as a first population bottleneck during 
which the size of the genetic variation within the population sharply reduced (Freedman and 
Wayne, 2017; Thalmann et al., 2013). At the dawn of the Victorian era (1837-1901), as a result 
of the success of dog shows and the urge to breed dogs competitively, strict breeding regimes 
were implemented (KennelClub, 2018; Thalmann et al., 2013). Because of eugenics, focus of 
breeding gradually changed from working ability to morphotype (i.e., desired physical 
characteristics such as size, skull shape, coat colour and texture). Ultimately, this phenotypic 
selection towards approximately 400 breeds is nowadays considered as second bottleneck 
(Parker et al., 2004; Sampson and Binns, 2006).

The success of the dog revealed to have a flip side. Until recently, breed standards mainly 
promoted physical traits (Fédération Cynologique Internationale, 2018), not taking into account 
health and welfare (e.g., brachycephalic breeds that have trouble breathing) or behavioural traits 
(e.g., brachycephalic breeds have a truncated behavioural repertoire such as stenosed  nostrils 
and a rudimentary tail which complicate communication through body language) that are 
inextricably linked to the physical traits. Despite a change in mentality and growing concern 
over dog welfare (Rooney, 2009), those breed standards have not changed profoundly. They 
can still be interpreted by breeders and judges in such a way to favour the development of 
extreme characteristics (extreme morphotype or hypertype) which are causing welfare problems 
(Guintard and Class, 2017). In parallel, designer dogs (e.g., Labradoodle, Cockapoo) gained 
popularity (Beverland et al., 2008; Crispin, 2011). These hybrid constructs of purebred parents 
(e.g., Labrador Retriever X Poodle, American Cocker Spaniel X Miniature Poodle) combine traits 
of multiple breeds to pursue a desired morphotype. Although outcrossing is a solution for 
improving the genetic diversity (Leroy, 2011), there are concerns that genetic variability and 
heterozygosity is not necessarily assessed in designer breeds. First, fixing the hybrid traits into 
a new breed may lead to new population bottlenecks (Farrell et al., 2015). Second, mutual 
genetic mutations have been described in Labrador and Poodle or American Cocker Spaniel 
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and Miniature Poodle, such as progressive rod-cone degeneration (Goldstein et al., 2006). 
Hence, severe loss of genetic diversity in most dog breeds is a disaster for effective population 
size (vonHoldt et al., 2010), which represents an idealized size of the dog population based on 
the loss of the genetic diversity (Husemann et al., 2016). It represents a threat in terms of 
increased risk of inherited disease, reduced quality of life and lifespan expectations (Lindblad-
Toh et al., 2005; Sutter and Ostrander, 2004).

The popularity of dogs did not only result in a shift in breeding purposes, but also increased 
their economic importance. In western countries, at least 20% of all households keep at least 
one dog (AVMA, 2012; HAS Kennistransfer & Bedrijfsopleidingen, 2015; STATBEL, 2010). Pet 
dogs are the motor of a multi-billion-euro industry: food production, veterinary care, speciality 
services, and naturally, dog breeding (FEDIAF, 2018). In Belgium, breeding and selling of dogs 
represents 5% of all dog-related incomes, and is an important source of employment 
(STATBEL, 2010; Vlaamse Overheid dept. L&V, 2013). The breeding methods have also 
diversified. Not only have breeding kennels grown in size to respond to the increasing demand, 
international trade arose as profitable business and entrepreneurs from other business fields 
have been attracted to dog breeding.

Dog breeding on a scale comparable to intensive farming gave rise to concerns by 
professionals in the field and dog owners, which have often been relayed through popular 
media. The perception is that, while hobby breeders produce healthy and well socialised dogs 
that have experienced sufficient socialisation (the process by which puppies learn to relate to 
conspecifics and other species) and environmental learning (learning which accrues from an 
engagement with the environment), intensive breeders produce dogs that have more health 
issues and are less able to function as a companion animal. Also, puppies of foreign origin are 
often perceived to be of inferior quality compared to locally bred puppies (Schrijver et al., 2015). 
Additionally, there are indications that puppies originating from intensive breeders and of 
foreign origin are more at risk for disease outbreaks (Hird et al., 1992; Schumaker et al., 2012; 
Zicola et al., 2012). The origin of puppies has been linked to an increase in behavioural 
impairments, bite incidents and, consequently, shelter relinquishment or euthanasia (McMillan 
et al., 2013; Patronek et al., 1996). 
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Dog breeders influence the behaviour and health of the puppies they produce, raise or sell on 
multiple levels. Dog breeders are responsible for the choice of bloodline, and the genetic 
selection, the environment they shape for the dam and offspring, the care and handling they 
provide to the puppies, the hygiene they apply in the breeding facility and the prophylactic 
treatments they perform. 

In conclusion, popularity of dogs provoked a shift in breeding practices, giving rise to a societal 
debate on intensive dog breeding. The next paragraphs focus on current knowledge of 
behavioural development on one hand and health-management and biosecurity on the other 
hand. 

2. The development of canine behaviour

Behaviour is defined as “the way that an individual behaves in a particular situation or under 
particular conditions” (CambridgeDictionary, 2018). The development of the individual’s 
behaviour is the interplay of various factors, shaping the evolution from embryo to fully capable 
adult. While genome and epigenetic effects set the ground plan, individual development further 
relays on initial performance (current behaviour), learning processes (future behaviour) and the 
environment

2.1.The history of learning and memory in dogs

Behaviours of animals have long been investigated. Historically, we’ve come a long way from 
Aristotle’s scala naturae and Descartes’ automata (Dewsbury, 2003). It is widely acknowledged 
that animals express certain behaviour not only by genetic predispositions, but also as a result 
of emotions, learning processes, and memory. Memory involves consolidation and retrieval of 
acquired information, mainly by learning processes. In comparative psychology and ethology, 
many kinds of learning have been described in animals, such as habituation, sensitisation, 
Pavlovian or classical conditioning, Skinnerian, operant or instrumental conditioning, imprinting, 
habit formation, post-tetanic potentiation, imitation, spatial learning or cognitive mapping, etc. 
(Churchland, 1986). 

A simplistic definition of learning is making the connection between a cue (e.g., the stimulus 
human provides) and the correct behavioural answer to the cue (e.g., the expected behaviour). 
 14
CHAPTER 1
Emotions, learning, or memory, however, cannot be measured, they can only be inferred from 
behaviour (Cahill et al., 2001). 

The behaviour of dogs, and specifically the behavioural development of puppies, has been the 
subject of numerous studies over the years. A dog’s life has been categorised into five periods 
(Immelmann and Suomi, 1981; Overall, 2013; Scott and Fuller, 1965). The primary or neonatal 
period ranges from birth to approximately two weeks. Then, a transitional stage ranges to 
approximately three weeks. The following period covers the third until the fourteenth week and 
is called the sensitive or socialisation period. The fourth period of development, which lasts 
until sexual maturation, is called the juvenile period. Last, the dog achieves adult stage. These 
periods coincide approximately with the progressive maturation and integration of neuronal and 
hormonal tissues (Fox, 1971; Gross et al., 2010). Overlap between stages among the breeds 
and individuals within a breed has been described (Landsberg, 2001). While a development 
model based on stages is simple and widely acknowledged (Piaget, 1977), it may have some 
limitations. For instance, it does not take into account individual variability (Koolhaas et al., 
2010) or neurobiological complexity (Gallistel and Balsam, 2014). 

An important goal when breeding companion dogs is to optimally prepare dogs for life in 
human society, while minimising undesirable behaviours. This behavioural development from 
puppy to adult companion dog largely depends on socialisation practices and environmental 
learning. These practices should be appropriate for the age of the dog and begin within a few 
days of birth to well into adulthood. While it should be aimed at providing exposure to many of 
the situations and social interactions that the dog is likely to encounter over the course of its 
life, it is important that it occurs in a controlled and pleasant way (Appleby, 1993).

In socialisation and environmental learning, emphasis is set on a few types of learning (Meunier, 
2006). First,  habituation and, subsequently, sensitisation, (Thompson and Spencer, 1966) is 
deemed important in behavioural development of dogs (Appleby, 1993). They result in a 
decrease of behavioural response (or increase in the case of sensitisation) because of repeated 
stimulation (Rankin et al., 2009). Second, conditioned reflex is a well known reflexive or 
automatic type of learning in which a stimulus acquires the capacity to evoke a response that 
was originally evoked by another stimulus (Pavlov, 1927). Third, positive or negative 
reinforcement or punishment is a learning method often used in dog training. The dog makes an 
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association between a particular behaviour and a consequence, which can be a reward or a 
punishment (Skinner, 1953; Thorndike, 1927). From these processes, Bandura elaborated the 
Social Learning Theory (Bandura, 1977), which was later renamed Social Cognitive Theory 
(Bandura, 1986). The two key principles are the mediating processes that occur between stimuli 
and responses on one hand and the learning of behaviour from the environment through 
observational learning on the other hand. Dogs also show signs of excitement in response to 
their achievements, and successful problem-solving may act as reward (McGowan et al., 2014). 
Learning from conspecifics has been investigated in multiple species (Carpenter and Tomasello, 
1995; Gieling et al., 2011; Mason et al., 1984) and has been suggested  in dog-human 
relationships (Merola et al., 2012a, 2012b; Payne et al., 2015). 

2.2. A brief summary of the neurophysiology of learning, bonding and coping styles

Research in neurophysiology over the last decades has demonstrated that learning and 
memory formation is the product of a biochemical sequence of events in the brain (Izquierdo 
and Medina, 1997). Memory is assumed to be embodied in synaptic and cellular modifications 
at brain circuits. In this newly formed neural hardware, information is encoded and will be 
consolidated or modified by future reactivations (Dudai et al., 2015). New neural hardware 
occurs through life and is not limited to critical periods in early life (Lillard and Erisir, 2011).

Social and nonsocial behaviour are regulated by complex cellular and molecular pathways 
(Cahill et al., 2001). Neuropeptides, in essence oxytocin (OT), dopamine (DA), serotonin (5-HT), 
and arginine vasopressin (AVP) have a key-role in the brain circuits modulating motivation, 
learning and memory. The peptide hormone OT is produced in the hypothalamus, but also in 
peripheral tissues, and released into the circulatory system and the brain in response to 
sensory stimulation, e.g., during breastfeeding, labour, sex, but also touch, warmth, and 
stroking, etc (reviewed by Insel et al., 2010). The OT receptors can be found in the brain and in 
peripheral regions. Central actions of OT range from the modulation of the neuroendocrine 
reflexes to the establishment of complex social and bonding behaviours, some of which are 
related to the reproduction and care of the offspring (reviewed by Gimpl and Fahrenholz, 2001). 
DA levels continuously signal how good or valuable the current situation is regarding obtaining 
a reward (Berke, 2018). This signal lets animals decide how vigorously to work toward a goal, 
while also allowing themselves to learn (Hamid et al., 2016). Serotonin has been found to inhibit 
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dopamine effects (Olivier et al., 2010), and modulate various processes, such as memory, motor 
and cognitive abilities, although 5-HT has mainly been studied in response to stressors and 
anxiety (Koolhaas et al., 2010). Oxytocin and AVP further modulate, mostly by inhibition, 
processes of learning and memory (Sarnyai and Kovács, 2014). Dopamine, OT and AVP, 
together with steroid hormones, (i.e., testosterone (T), oestradiol (O) and glucocorticoids (GC)), 
also have a central role in social behaviour (reviewed by McCall and Singer, 2012). A simplified 
graphical representation of the endogenous oxytocin system is depicted in figure 1.1. 

Figure 1.1: Endogenous Oxytocin (OT) system and interactions with Serotonin (5-HT), 
Dopamine (DA) and Hypothalamic-Pituitary-Adrenal gland (HPA) Axis.

The social bond between the mother and its offspring is probably the most studied social 
behaviour in mammals, and it is mainly regulated by OT (Kendrick, 2000; Young et al., 2001). In 
dogs, it is the result of mutual communication between the dam and puppies (Nagasawa et al., 
2012; Previde et al., 2009). A strong affectional bond between neonate and the primary 
caregiver, usually the mother, is important for the survival and future development (Ainsworth, 
1969; Bowlby, 1977). Separation from the attachment figure activates the infant’s attachment 
system, which aims at restoring and maintaining proximity with this specific individual (Horn et 
al., 2013). In humans, the currently reported long-term stability of peripheral OT suggests that 
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OT represents a ‘trait-like’ dimension of the individual that probably organises in early 
childhood and can serve as a whole-life index of sociability (Feldman et al., 2013). Recent 
research has shown that similar bonding through OT, eventually resulting in a secure base effect 
(i.e., a buffer against stress), even exists in the dog-human dyad, generally directed at the 
owner but eventually at unfamiliar humans (Horn et al., 2013; Nagasawa et al., 2009). 

Above mentioned neuropeptides (Insel, 2010) and steroid hormones (Nelson and Trainor, 2007) 
are not only critical to affiliation, cognition and emotion. They also account for aggression, 
anxiety and stress across a wide variety of species. There are two main stress-responsive 
systems in the body: the sympathetic nervous system (SNS) and the hypothalamic-pituitary-
adrenal (HPA) axis. The SNS is associated with epinephrine and norepinephrine, which exert 
rapid effects described as “fight or flight”, but also have effects on learning and memory 
(Sullivan et al., 1989). The response to a stressor is also controlled by the HPA axis. 
Bidirectional relationships of the HPA axis with the serotonergic system and the SNS further 
complicates this biological picture (Ebner and Singewald, 2017). The HPA-axis triggers the 
release of stress coping hormones (i.e., GC), which enables animals to cope with threatening or 
demanding situations (Sapolsky et al., 2000). However, frequently or chronically elevated GC 
may have detrimental consequences for immunity, welfare, emotions (Protopopova, 2016), and 
learning and memory processes (McEwen and Sapolsky, 1995). This endocrinological pathway 
of stress has been shown to be absent in the first four weeks of a dog’s life (Nagasawa et al., 
2014).

Differences in the regulation of cellular and molecular pathways account for large variances in 
cognition (Kis et al., 2015), bonding (Romero et al., 2014) and, more generally, behaviour. They 
account not only for species-specific behaviour (Donaldson and Young, 2008), but also for 
intraspecific variation (Ebner and Singewald, 2017). As a result, individuals of the same species 
will present different ways of coping with stressors (Koolhaas et al., 2010). In the past, coping 
strategies were classified into proactive (the dog reacts actively to a stressor) and reactive (the 
dog reacts passively to a stressor) (Koolhaas et al., 1999), but there is evidence that individuals 
can also present an ambivalent behaviour in a social threatening situation (Horváth et al., 2007). 
In dogs, it has been suggested that coping style is important to welfare in stressful conditions 
(Corsetti et al., 2018) and that parallels exist between aggressiveness and the proactive 
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behaviour style, and fearfulness and the reactive coping style (Riemer et al., 2013). Last, there is 
evidence that coping is not fixed at birth; early life experiences can further modulate coping 
attitude later in life (Foyer et al., 2013).

3. The effect of domestication and selection on behavioural development

A dog’s genome is the result of phylogenetic processes (the evolution of a species). As a result 
of domestication and millennia of mutualistic relationships between dogs and humans (Miklósi 
and Topál, 2013), contemporary dogs, compared to their closest relatives, the wolves, are more 
motivated to interact (Gácsi et al., 2005) and to bond with humans (Topál et al., 2005). Evidence 
shows that their cognitive social skills allow them to read and follow human social cues, such 
as verbal commands or gesticulation, or emotions (Wobber and Hare, 2009). Some aspects of 
these social-cognitive abilities have converged with human social cues (e.g., pointing at, 
looking at) through a phylogenetic process of enculturation (Hare et al., 2002). 

The establishment of breed standards not only led to major changes in the conformation of 
breeds, some of which can be observed when comparing bloodlines of show dogs and working 
dogs (Bateson, 2010), but also additional selection towards breed-dependent behaviour has 
occurred (Spady and Ostrander, 2008). There is evidence that morphotype influences how 
individuals of a breed behave and communicate. For instance, brachycephalic breeds were 
scored higher on persistent barking and compulsive staring (McGreevy et al., 2013) and their 
repertoire of social signalling was decreased compared to their non-brachycephalic 
conspecifics (Kerswell et al., 2010). Incidences of problematic behaviour have also been 
suggested to be breed-dependent (Martínez et al., 2011); higher scores for aggression directed 
towards humans were reported for dachshund and chihuahua (Duffy et al., 2008; Hsu and Sun, 
2010). More traits were compared between certain breeds or breed groups (Eken Asp et al., 
2015). Basenjis, for instance, showed higher reactivity and lower trainability compared to 
American cocker spaniels (Scott and Fuller, 1965). Interestingly, geographical differences in 
breed-dependent behaviour exist, probably because of genetic variation caused by 
reproductive isolation (Bradshaw and Goodwin, 1999). Breed-dependent behaviours may not 
solely rely on genetic differences, however. The reported associations may also be the product 
of prejudice towards a particular breed (e.g., the personality description of breed standards), 
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acting as a self-fulfilling prophecy (Serpell et al., 2014). They may also be the result of varying 
owner-perceptions (Beverland et al., 2008) and therefore, different socialisation and husbandry 
(Bradshaw and Goodwin, 1999). 

Paradoxically, although dogs of modern times are mainly kept for companionship, the current 
breeding standards’ main focus is not directed towards providing an emotionally balanced and 
adapted pet dog (King et al., 2012). The standards are still based on phenotypic selection by 
Mendelian inheritance of morphotype (Fédération Cynologique Internationale, 2018), hence they 
are intrinsically arbitrary and mostly imprecise (Bateson, 2010). A more complex inheritance has 
long been suspected for behavioural traits. In the past, breeding programmes for working dogs 
with rigorous standardised phenotyping (Svartberg, 2002; Wilsson and Sundgren, 1998a) and 
quantitative genetic approaches have already demonstrated genetic progress (Goddard and 
Beilharz, 1983, 1982). Similar improvements might be expected for the selection of companion 
animals (van Rooy et al., 2014). One avenue of behavioural research aims at identifying 
variations in specific genes which contribute to individual differences in social behaviour and 
cognition, and to target those who were linked to developmental disorders (Kumsta et al., 
2013). Several association studies have shown that allelic variations in genes involved in OT 
signaling result in different levels of plasma OT and therefore are important in explaining 
individual differences in behavioural phenotypes, e.g., polymorphism of the OT receptor relates 
empathy and stress reactivity in humans, or social organization in birds (reviewed by Chini et 
al., 2014). Further research in canine-specific genetic factors of neurobiology in general, and 
breed-dependent differences in particular, is needed.

4. Early-life environment of dogs influences the behavioural development

The importance of the prenatal and post-natal early life environment has been widely studied in 
multiple species, such as in rats (Klein and Rager, 1995), in monkeys (Clarke and Schneider, 
1997), in guinea pigs (Sachser and Kaiser, 1996), in blue foxes (Braastad, 1998) or in dogs 
(reviewed by Dietz et al., 2018). In the following paragraphs, we provide an overview of research 
on the influence of the prenatal and postnatal environment shaped by the breeder (i.e., until 
homing) on the behavioural development of puppies.
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4.1. Epigenetic effects on behavioural development

Epigenetic events alter expression for different copies of the same gene in a given cell nucleus. 
These events provoke heritable changes in gene activity that are not brought about by changes 
in the DNA sequence (Van Soom et al., 2014). One of the most described epigenetic 
mechanism is DNA methylation, where transcriptional factors are blocked from gaining access 
to the gene, effectively silencing expression of the gene (Kumsta et al., 2013). This stable 
modification is maintained after cell division and will be transferred to next cell generations 
(Meaney, 2001). 

Lack of control in stressful situations during late pregnancy, for example exposure to noise in 
rhesus monkeys (Clarke et al., 1994), social stress or crowding in rats (Dahlöf et al., 1978; P. R. 
Lee et al., 2007), or restraint in pigs (Tuchscherer et al., 2002), increases the GC levels of the 
mother. In rodents, this leads to changes in gene expression (i.e., differential methylation of the 
glucocorticoid region in hippocampal tissue) and life-long phenotypic differences in physiology 
and behaviour, including neuroendocrine stress responsivity (i.e., increased HPA axis response), 
fear-related behaviour and attentional processes, synaptogenesis and cognitive development, 
and reproductive behaviour and maternal care in female offspring (reviewed by Zhang and 
Meaney, 2010). DNA methylation is also a pathway whereby early life adversity might produce 
enduring neurobiological alteration (Cushing and Kramer, 2005). Literature has described long-
lasting effects in dogs from early life experiences (pre- or postnatal), but research investigating 
canine epigenetic effects during pregnancy or early-life is scarce. However, similar 
neurobiological pathways and epigenetic effects can be expected. More research is needed in 
order to determine if these reported long-lasting effects may be epigenetic effects.

4.2. Prenatal environment

As described above, developmental alteration in neurobiological systems (as early as in utero) 
can have functional consequences later in life. Animals subjected to prenatal stress may have a 
reduced ability to cope with challenging environments, while they may have increased 
propensity for developing behavioural disturbances and reduced welfare in stressful situations. 
In dogs, however, research is scarce and results appear controversial, especially considering 
personality consistency over time (Fratkin et al., 2013). Housing dams in a stressful environment 
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(i.e., in isolation with minimal human contacts) during the last third of pregnancy has indeed 
been shown to affect the puppies' learning capacities when tested at 8 weeks of age, but those 
differences were no longer found one year later. On the contrary, more social enrichment (1h of 
gentle petting per day) during the last third of the pregnancy was shown to have no effect 
(Leroy et al., 2009). 

4.3. Postnatal environment

The postnatal environment of dogs, was intensively studied in the 1950s and 1960s, mainly by 
researchers at the Roscoe B. Jackson Memorial Laboratory (Freedman et al., 1961; Scott and 
Fuller, 1965). This resulted in above mentioned periods of development, that coincide 
approximately with the progressive maturation and integration of neuronal and hormonal 
tissues. 

At birth, puppies have limited motor abilities and eye and ear canals are closed. During the first 
weeks of life, puppies are predominantly guided by olfactory and tactile stimuli (Landsberg, 
2001). In neonate rats, olfaction is involved in early associative learning and memory and has 
important role in maternal attachment (Wilson and Sullivan, 1994). Also in rats, tactile 
stimulation from the dam (i.e., maternal licking and grooming, mainly of urogenital region) 
directly regulates physiology and affects neuronal development in offspring (Liu et al., 1997). 
Recent literature investigating the effect of early-life experiences and environment (i.e., genetic 
and hormonal) on canine behaviour is scarce, however, effects similar to the ones described in 
rodents can be expected. Recent animal and human studies show that aversive situations in 
the first weeks have lasting effects on serotonergic function in adulthood. Early maternal 
separation in rats (J.-H. Lee et al., 2007) or monkeys (Clarke et al., 1994) and childhood abuse 
in humans (Penza et al., 2003) can result in major changes in 5-HT responses (i.e., epigenetic 
effects of the 5-HT transporter gene results in decreased availability of 5-HT) and alteration of 
the HPA-axis, sensitising these individuals for stressors later in life. 

Other maternal effects influencing behavioural development of puppies have been described. A 
higher parity of the dam may positively influence the maturation of puppies and, indirectly, their 
boldness in play or exploration (Wilsson and Sundgren, 1998b). The dam is a secure base for 
the puppies (Previde et al., 2009), and distressed mothers may not only alter the socialisation 
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capabilities of their offspring, but also negatively influence exploration and environmental 
learning (Range et al., 2007). The progressive estrangement of the mother, accompanied by 
gradual weaning, generally starts around week 4 post-partum (Fox, 1972), but complete 
maternal separation in six-week-old dogs was shown to have a negative effect on physical 
conditions and impair the bonding process with humans, compared with dogs that had 
maternal contact until 12 weeks (Slabbert and Rasa, 1993). During the weaning process, an 
increasing interaction between the mother and her offspring is seen, involving more aggressive 
and more social interactions (Wilsson, 1984). 

The breeding dam is not the only determinant of behavioural development, and other factors, 
which can be influenced by the breeder, have been investigated. First, a litter-effect was 
observed in German Shepherds’ future personality, such as aggressiveness, playfulness or 
curiosity (Strandberg et al., 2005). Two litter factors have been associated with higher 
occurrence of future problematic behaviour (i.e., anxieties), namely a high number of littermates 
(Foyer et al., 2013) and early-separation of littermates at four weeks of age (Pierantoni et al., 
2011). Interestingly, the moment of rehoming, combined with the maternal separation and 
complete weaning, is also an important factor of behavioural development. Delayed homing 
(>12 weeks) was associated with a higher occurrence of unwanted behaviour later in life, not 
only for puppies raised in a monotonous environment, which provides less stimuli (Scott and 
Fuller, 1965), but also for those raised in a household and kept with the dam and littermates 
until 13-16 weeks (Jokinen et al., 2017).

Dog-human interactions during early life were also investigated. Freedman and colleagues 
(1961) showed that puppies that had limited interaction with humans at age 5–9 weeks did not 
exhibit any fear response to a handler and could be trained easily, while puppies kept in 
isolation until the age of 14 weeks remained fearful despite subsequent careful handling and 
petting (Freedman et al., 1961). Interestingly, there is evidence that the human caretaker gains 
importance when poor maternal care is present (Gazzano et al., 2008), which could be 
explained because mother-infant bond does not only exist between a dam and her offspring 
but can also appear between a primary caretaker (a foster animal or a human) and a nursling 
(Gácsi et al., 2013). Puppies given increased socialisation were less fearful towards humans 
later in life (Hubrecht, 1995). Although similar association was suggested by a recent cross-
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sectional owner directed survey (Tiira and Lohi, 2015), not all socialisation programmes tend to 
result in long-term effects (Batt et al., 2010). 

The effect of resources and nonsocial environmental aspects on behavioural development were 
also investigated. Puppies raised on corrugated cardboard were observed to be less active 
compared to the ones raised on insulating soft pile blankets (Wilsson and Sundgren, 1998b). 
The type of food and feeding regimen had a positive effect on growth and subsequently, 
positively influenced performance in a behavioural test (Wilsson and Sundgren, 1998b). Toys 
are generally accepted as a viable enrichment of the environment. However, beneficial effects 
on behavioural development are not straightforward. First, not all toys provide the same value 
of mental and physical stimuli (Wells, 2004). Second, the effect of toys is limited compared to 
contact with caretakers (Hubrecht, 1995), therefore it must not be seen as a replacement social 
enrichment. Appropriate toys increase the complexity of dog behaviour, substantially change 
the expression of behaviour and help to prevent undesirable behaviours, however, a decrease in 
socialising with kennel mates has been described in adult laboratory dogs (Hubrecht, 1993). 
Additionally, social and nonsocial learning programmes providing diverse novel stimuli did not 
find beneficial effect on the behavioural development (Batt et al., 2010; Seksel et al., 1999). 

In conclusion, the environment shaped by the breeder can contribute on multiple levels to the 
behavioural development of young puppies. Adverse situations at the breeder will probably 
result in behavioural impairment later in life. Although the benefits of providing diverse stimuli 
early in life to achieve better socialisation and environmental learning are commonly discussed 
anecdotally, empirical studies providing evidence for long-term beneficial effects are scarce. 
More research surrounding canine behavioural development and the influence of various 
environments is necessary.

5. Health issues during puppy development

Infectious diseases are caused by pathogens, which include bacteria, fungi, protozoa, worms, 
viruses, and even infectious proteins called prions (Alberts et al., 2002). Infection, however, 
does not necessarily lead to disease. Only when the pathogen has successfully established a 
site of infection in the host disease  does occur (Janeway et al., 2001). The incidence of disease 
among those infected varies greatly depending on the individual susceptibility of the host but 
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also on the particular pathogen (e.g., the invasiveness). Spread and persistence of pathogens is 
impacted by the host (i.e., species, immune status) and the environment (e.g., temperature, 
humidity, presence of vectors etc.) (Scholthof, 2007). 

5.1. The development of immunity

The foetal development of canine lymphoid tissue has been described and an immune 
response of a puppy is already possible in the final trimester of gestation (Day, 2007). Due to 
endotheliochorial placentation, passive transfer of immunity (immunoglobulin) in utero is very 
limited (Stoffel et al., 2000). When born, all puppies have the constitutive components of a 
functional, but naive immune system in place. Maternal immunity is transferred by drinking 
colostrum during the first 24 hours of life. After ingestion, maternal immunoglobulin will decline 
exponentially at a rate that is probably breed-dependent (Chappuis, 1998). There may be 
considerable variation between littermates in the efficiency of uptake of colostral 
immunoglobulin, and variation in the concentration of specific antibodies within the colostrum is 
also expected between individual dams (Day, 2007). Meanwhile, endogenous production of 
immunoglobulins starts by week 2 (Toman et al., 2002). Although maternal immunity is essential 
to new-born puppies (Root Kustritz, 2011), high concentrations of maternal immunoglobulins 
inhibit endogenous neonatal immune response. In practice, the point at which endogenous 
production relays the maternal immunoglobulin one is vaguely circumscribed as between 6 and 
12 weeks (Day, 2007), although recent evidence suggest. During the following months, 
immunity will further differentiate. Although dogs are immunocompetent at birth, their immunity 
reaches full maturity by one to two years of age, depending on the breed (Faldyna et al., 2001). 

5.2. Infectious diseases of importance during early life

Numerous pathogens leading to canine diseases have been identified, some of which affect 
multiple hosts. To a certain extent, they will have an impact on animal welfare, public health and 
economic perspectives (Cleaveland et al., 2001). Pathogens commonly affecting puppies are 
described below.
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5.2.1. Common canine helminths, protozoa, and ectoparasites

Intestinal parasites (i.e.,, protozoa and helminths) are common pathogens in dogs of all ages, 
often causing a loss of condition by inducing malabsorption, vomiting and anaemia in larger 
infestations (Robertson et al., 2000). The prevalence of enteric parasites for puppies with 
different origins have been investigated worldwide: e.g., in Australia (Bugg et al., 1999), Belgium 
(Claerebout et al., 2009; Dupont et al., 2013), Japan (Itoh et al., 2011, 2009, 2005), the 
Netherlands (Overgaauw and Boersema, 1998)  Romania (Mircean et al., 2012), and the United 
States of America (Stehr-Green and Murray, 1987). Although values vary depending on the 
setting (veterinary clinic, pet store, breeding kennel, shelter), relatively high prevalences are 
reported for protozoa such as Giardia spp. (ranging between 9.3% and 43.9 %) and coccidia 
(i.e., Cystoisospora spp., ranging between 2.0% and 26.3%). Except for Toxocara canis 
(ranging between 4.4% and 26.3 %), low prevalences for most helminths (i.e., Ancylostoma 
caninum and Dipylidium caninum) are reported (Claerebout et al., 2009). Large breeding kennels 
and pet stores are considered a risk factor for parasitic infection (Dupont et al., 2013; Itoh et al., 
2011, 2005). Interestingly, puppies are more often infected with enteropathogens than adult 
dogs, a direct result of their immature immune system and environmental conditions (higher 
animal density, doubtful hygiene). (Fontanarrosa et al., 2006; Kirkpatrick, 1988; Ramı́rez-Barrios 
et al., 2004). The decrease of prevalence in relation to age is a combination of the maturating 
immunity on one hand and the weaning and rehoming on the other hand, resulting in the 
disappearance of the transmission route (placental for T. canis, transmammary for Ancylostoma 
spp.). The zoonotic risk of T. canis has been widely acknowledged (Overgaauw and van 
Knapen, 2013). 

Other commonly seen parasites in puppies are ectoparasites that affect the skin. Fleas, or 
Ctenocephalides felis, feed on the blood of dogs and cats and sometimes humans (reviewed by 
Dobler and Pfeffer, 2011). In Belgium, it is the most common ectoparasite found on dogs (Diez 
et al., 2015). While infestation is mainly linked with itching, flea allergy dermatitis can occur in 
dogs that are allergic to flea saliva (Wilkerson et al., 2004). Compulsive scratching and biting 
can also lead to skin trauma and secondary bacterial infections. Furthermore, the flea is 
intermediate host of Dipylidium caninum (Beugnet et al., 2014). The environment, and especially 
the traffic of animals and humans, is an important factor influencing the larval stage (Robinson, 
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1995). Thorough treatment of all susceptible animals and the environment is necessary to 
control flea infestations.

Scabies or Sarcoptic mange, caused by Sarcoptes scabiei, is a very contagious parasitic skin 
disorder in most mammals. Sarcoptes mites burrow through the skin which causes severe 
itchiness and leads to self-inflicted trauma and secondary bacterial skin infections (reviewed by 
Arlian and Morgan, 2017). Environmental contamination is a source of scabies in most 
mammals (Arlian et al., 1989). Dogs suffering from scabies not only have diminished welfare, 
they may also represent a zoonotic risk.

Demodex canis is an ectoparasite of dogs, living in small numbers in the hair follicle (Fondati et 
al., 2010). As long as the dogs’ immune system functions properly (Healey and Gaafar, 1977), 
the mites cause no mange. The Demodex mites are transmitted to puppies from their mother 
during the first few days of life (Gortel, 2006). Young puppies, with immature immune systems 
are most susceptible to demodectic mange, and this disease therefore occurs primarily in dogs 
younger than two years (Tsai et al., 2011). 

Cheyletiellosis, caused by Cheyletiella spp mites, is seen in dogs, cats, rabbits, and humans. 
Because mites can be seen macroscopically as they crawl across skin and fur and cause 
itching and scaling, infestation is also referred to as ‘walking dandruff’ (reviewed by Curtis, 
2004). Cheyletiellosis spreads quickly in breeding kennels, and the mites can also spread to 
humans (Dodd, 1970).

Otodectes cynotis, or ear mites, live mostly on the surface of the ear canal of dogs, cats, 
rabbits, and ferrets (reviewed by Curtis, 2004). Infestations are common in puppies, although 
any age can be affected (Salib and Baraka, 2011). Treatment should be thorough and not only 
include all susceptible animals, but also the environment as this parasite is relatively stable in 
the environment and highly contagious (Otranto et al., 2004). 

5.2.2. Common canine bacteria

Bacteria show a high prevalence in diverse canine populations. For instance, Escherichia coli 
and Clostridium perfringens are ubiquitous because they are part of the normal canine adult 
intestinal microflora. A high prevalence is difficult to interpret since not all strains may be 
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implicated in the development of clinical signs such as diarrhoea or fever (Hall 2004). The 
periparturient period is undoubtedly the period with the highest risk of disease transmission, 
and bacterial infectious diseases are a frequent cause of neonatal death in dogs (Münnich and 
Küchenmeister, 2014). E. coli, Staphylococcus sp., streptococci, and to a lesser extent 
Bordetella bronchiseptica, Klebsiella sp., and Salmonella spp. are reported as common 
causative factors of canine morbidity and puppy mortality (Münnich and Lübke-Becker, 2004; 
Nielen et al., 1998; Schäfer-Somi et al., 2003). Additionally, kennel cough, a respiratory disease 
mainly caused by B. bronchiseptica, eventually in combination with canine parainfluenza virus 
and canine adenovirus, is regularly observed in breeding facilities (Buonavoglia and Martella, 
2007). 

5.2.3. Common canine viruses

Several viruses such as canine distemper virus (CDV), canine corona virus (CCoV) and canine 
parvovirus-2 (CPV) are common pathogens of domestic and wild carnivores and have a 
worldwide distribution (Decaro et al., 2011; Patel and Heldens, 2009). CDV is a Morbillivirus 
(family Paramyxoviridae) that is very resistant to cool temperatures but quickly inactivated by 
ultraviolet light and by heat and drying. It is transmitted by aerosols or contact with oral, 
respiratory, and ocular fluids and exudates containing the virus. Therefore, dense populations of 
susceptible animals are needed to sustain epidemics (Acosta-Jamett et al., 2015; Martella et 
al., 2008). 

CPV is a major global pathogen of dogs and is related to high morbidity and mortality (Gordon 
and Angrick, 1986; Miranda and Thompson, 2016; Truyen, 1999). This non-enveloped virus 
(family Parvoviridae) is very resistant in the environment, e.g., it is able to survive up to 6 
months at room temperature (Eterpi et al., 2009). It is transmitted by faecal-oral route, probably 
mainly through ingestion of virus from the environment, rather than by direct contact with 
infected animals. The presence of CPV has been reported in wild and domestic canid 
populations and strains are observed to cross the species barrier (Sobrino et al., 2008). A CPV 
variant, type 2c, emerged in the previous decade and is circulating worldwide along with the 
former CPV types 2a and 2b (Decaro et al., 2007; Decaro and Buonavoglia, 2012).
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Since the first report of CCoV, several CCoV outbreaks have been reported worldwide, 
emphasising that CCoV is an important pathogen of the dog (Decaro et al., 2011; Decaro and 
Buonavoglia, 2011, 2008a; Ellis et al., 2005; Naylor et al., 2001; Stavisky et al., 2010). 
Serological and virological investigations have demonstrated that CCoV is widespread in dog 
populations, mainly in kennels and animal shelters (Bandai et al., 1999; Pratelli et al., 2001; 
Rimmelzwaan et al., 1991; Schulz et al., 2008), and the presence of CCoV has been suggested 
as a marker for the success of biosecurity measures within the facility (Stavisky et al., 2012). 
CCoV infection is characterised by high morbidity (i.e., gastrointestinal) and low mortality, 
through a typical faecal–oral route of transmission (Decaro and Buonavoglia, 2008a). Except for 
the hyper-virulent CCoV strains (Decaro and Buonavoglia, 2008b), CCoV is usually regarded as 
a mild canine pathogen. Mortality of CCoV commonly occurs as a consequence of mixed 
infections with CPV (Decaro and Buonavoglia, 2008a; Pratelli et al., 2001) or canine adenovirus 
type 1 (Decaro et al., 2007). A newer genotype of CCoV was only detected in 2003 (Pratelli, 
2006). This genotype leads to an emerging systemic and fatal infection and is called pantropic 
canine coronavirus (Zicola et al., 2012). 

Additional viruses represent an increased risk for breeding kennels. Canine infectious hepatitis 
is making an uprising in Italy, in relation with dog import (Decaro et al., 2007), while some 
viruses impact reproduction and neonates, such as the canine herpesvirus and minute virus of 
canines (Decaro et al., 2008; Ronsse et al., 2005, 2002). 

5.3. Transmission of pathogens

Profound knowledge and understanding of the different transmission pathways provide 
guidance for the treatment and prevention of diseases. Pathogens are most often spread 
through direct contact. This is the result of direct contact between dogs or by means of 
droplets. A proper designed housing with adequate management will make it possible to limit 
and control direct contact transmission. 

Transmission of pathogens between dogs can be classified into two categories: direct and 
indirect. Direct transmission between dogs is without doubt the most common one. It is the 
result of the animal flow and the contact possibilities between dogs and the infection path of 
pathogens. Although the risk of pathogen introduction in a breeding facility through semen is 
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much smaller, transmission can also occur by venereal transmission (i.e., brucellosis, canine 
herpesvirosis, venereal tumours, leishmaniosis, toxoplasmosis) (Silva et al., 2009).

Indirect contact transmission mainly involves inanimate objects called fomites that become 
contaminated by pathogens from an infected individual. In dogs, the faecal-oral route is a very 
common form of indirect transmission. Additionally, some pathogens can be spread through 
vectors such as insects and ticks (Beugnet and Marié, 2009), rodents (Jansen et al., 2005), 
birds (Song et al., 2008), other domestic animals (Crawford et al., 2005), and feral animals 
(Kapel et al., 2006). Finally, transmission may also occur indirectly through mechanical vectors 
like vehicles, staff, and visitors. Transmission paths are inherent to a pathogens’ ability to 
survive in the environment and vice-versa. Particularly non-enveloped viruses (e.g., Canine 
Parvovirus), mycobacteria, bacterial spores and coccidian oocysts can survive for months and 
are largely resistant to disinfectants (McDonnell and Russell, 1999). 

5.4. Environmental measures to limit health issues

The sum of measures taken to reduce the entrance, persistence and transmission of pathogens 
can be defined as biosecurity (Anderson, 1998). Biosecurity has been a subject of research in 
production animals such as poultry, pig farms and cattle since the end of the nineties (Dewulf 
and Van Immerseel, 2018). The main reason lays in the shift from individual medicine at animal 
level to disease prevention at facility level (Sarrazin et al., 2014; Villarroel et al., 2007). However, 
the use of the term biosecurity is unusual in the field of companion animals. Although 
veterinarians have collaborated with shelters and kennels for decades, until recently, little 
scientific interest existed in the discipline of preventive companion animals’ veterinary medicine 
in these settings. Recent publications describing importance of biosecurity in dog facilities and 
providing applicable measures are directed towards shelters (Newbury and Miller, 2018), 
veterinary clinics (Amory et al., 2010) or temporary gatherings such as contests or exhibitions 
(Stull et al., 2016) and breeding kennels (Dendoncker et al., 2018). The interest in this field is 
growing, as the need for expertise in risk assessment and disease management is recognised 
(Miller and Zawistowski, 2013). 

External biosecurity on one hand consists of all preventive measures to counter the entrance of 
pathogens into the facility. The health status and susceptibility to infectious disease of newly 
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acquired animals may represent a threat to the health of other dogs in the breeding facility. The 
purchase policy is an important risk factor for the entrance of pathogens in livestock facilities 
(Filippitzi et al., 2017). Historically, quarantine has been accepted as the best measure to limit 
the risks of entrance for pathogens of interest (Gensini et al., 2004). 

Internal biosecurity on the other hand includes the measures to restrain the spread of 
pathogens between animals within a facility, and is also referred to as biocontainment (Villarroel 
et al., 2007). The facility’s design can assist to a great extent in transmission reduction if it 
allows segregation. This segregation is also referred to as compartmentalisation. It consists of 
the separation of animals into different groups or subpopulations based on their vulnerability to 
infectious diseases and health status with respect to a specific disease (Scott et al., 2006). It is 
also the measure of choice to counter outbreaks in a facility (Hurley, 2009). All movements (of 
animals, humans, equipment, etc.) between compartments must be strictly restricted.

Puppies and pregnant dams are more at risk to contract a disease. The environment can 
harbour various pathogens that will impair their health and welfare or represent a zoonotic risk. 
Appropriate strategies, including environmental factors, are of utmost importance to limit 
disease. More research surrounding the influence of various environments shaped by dog 
breeders on the spread of pathogens is necessary.

6. Origin of puppies: does it matter?

A popular belief among future dog owners is that the choice of the breeder is of utmost 
importance when acquiring a puppy. Various motivators for dog breeding can be found on the 
world wide web, ranging from passion to profit and everything in between. Intensive dog 
breeding systems have been called puppy mills (U.S. District Court for the District of 
Minnesota, 1984), puppy farms or less responsible breeders (Crispin, 2011). International puppy 
trade on the other hand, has been associated with criminal activities (Wyatt et al., 2016). 
Questionnaires were developed for owners to recognise these breeders (Gray et al., 2016). 
However, scientific criteria to determine the responsibility of a breeder are weak. For instance: 
there is no evidence of a threshold number of dog breeds produced by the breeder below 
which a certain quality is guaranteed. There is also no evidence that the presence of the mother 
at the age of homing is associated with less behavioural problems or health issues. In Belgium, 
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selling and breeding of dogs is mainly regulated by animal welfare governments. However, a 
systematic investigation of the environment shaped by various types of dog breeders is 
currently lacking.

6.1. Legal context of dog breeding in Belgium

At the onset of this research, multiple bills regulated nationwide dog-related activities, such as 
dog breeding. First, all dogs are to be identified and registered in the official database called 
DogID (KB 25/04/2014). Second, the transport of dogs is regulated (KB 29/10/2014). Third, 
specific regulation applies regarding the prevention and control of rabies (KB 17/10/2016). Last, 
the modalities to breed, house and sell puppies are regulated by specific legislation. The 
different breeder types are regulated by the Law on Animal Welfare of 14 August 1986 (chapter 
III) and by the bill defining the conditions for the approval of establishments for animals and the 
conditions for the marketing of animals (RD 27/04/2007, modified by RD 14/09/2007, by RD 
18/03/2009, and by RD 15/11/2010). Four types of dog breeders are defined: occasional 
breeder (up to two litters a year), hobby breeder (up to 10 litters a year), professional breeder 
and breeder-merchant (more than 10 litters a year). All breeders need to apply for accreditation, 
except occasional breeders. Additional subdivision of accredited breeders into small or large 
hinges on having equal to or less, respectively more, than 10 females on site. This regulation 
results in seven categories: occasional breeders, small hobby breeders, large hobby breeders, 
small professional breeders, small breeder merchants and large breeder merchants. Breeder 
merchants largely consist of former pet shops who, subsequent to above mentioned bill, have 
been forced to add dog breeding to their activities in order to be able to continue to sell 
puppies from other breeders. Breeder merchants are the only ones allowed to sell dogs 
sourced from other breeders. These external sources can be of foreign origin, if the source 
breeder meets the standards set out in annex 3 of RD 27/04/2007 (i.e., being subjected to the 
same standards as Belgian breeders). This bill not only covers warranty aspects and housing 
conditions, but also defines requirements regarding staff, health management, and includes 
biosecurity measures.

Because of the regionalisation of animal welfare, this bill was further modified in Wallonia 
(Arrêté Gouvernement Wallon MB 31/05/2017). From June 2017, Walloon occasional breeders 
are subjected to registration as well. Another regional-specific bill developed by the Flemish 
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ministry of agriculture, is directed at dog breeders in Flanders to improve genetic diversity and 
limit hereditary disorders (Besluit Vlaamse Regering MB 19/03/2010 and MB 03/03/2015). The 
associations and organisations recognised to apply the above are regulated (MB 27/07/2011). 
All dog breeders with more than ten dogs must apply for an environmental permit in their 
respective region. The conditions are region-dependent. Additional limitations surrounding dog 
breeding have been observed on the municipal level. 

A database query at the onset of this project revealed that approximately 55% of dogs were 
registered by private persons (mainly originating from occasional breeders although they could 
have been registered after rehoming), 20% by hobby and professional breeders, and 25% by 
breeder-merchants (Welfare, 2014). 

Although free movements of persons, goods and services does apply in the Schengen area 
(Article 3(2) of the Treaty on European Union (TEU); Article 21 of the Treaty on the Functioning of 
the European Union (TFEU); Titles IV and V TFEU; Article 45 of the Charter of Fundamental 
Rights of the European Union), the import of dogs is subjected to specific regulations. All dogs 
must be identified by microchip, accompanied by a European passport, and must have 
received a valid rabies vaccination. The latter means that travel can occur not earlier than 21 
days post rabies primo-vaccination which cannot be administered before 12 weeks of age (EU 
576/2013). Additionally, all intra-community movements of dogs associated with a change of 
ownership are considered commercial movements and must be registered in the European 
Trade Control and Expert System (TRACES). We further refer to these as commercial imports. In 
Belgium, transports of less than 6 dogs accompanied by their owner or a legal representative 
are exempted and are further referred to as parallel import. Additionally, veterinarians in the field 
received the directive (omzendbrief FAVV 11/02/2015) that they should only report to the 
authorities illegally imported dogs (i.e., the ones without a certified rabies vaccine or subjected 
to fraud), when they are the subject of commercial transport, or originate from countries at risk. 

At the onset of this doctoral research, nationwide statistics reported 20% of all newly registered 
dogs (30.209) had a passport issued abroad (Welfare, 2014). Recent statistics of the Flemish 
Government confirm the importance of import of dogs: out of 98.551 registered dogs in 
Flanders in 2016, 19.142 (19.4%) were registered as commercial import, with the main 
countries of origin being Slovakia (n=11975) and Czech Republic (n=4478). 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6.2. Sources outside the scope of our research

Although the focus of this doctoral research lays on the differences between registered breeder 
categories, puppies can also originate from other sources. Puppies obtained by means of 
parallel import, a shelter or the illegal circuit, such as backyard breeders or illegal import are out 
of scope of this doctoral research. While parallel import is not a new phenomenon, internet-
sales clearly facilitate buying a puppy from abroad and therefore this is not limited to short 
distances or breeders wanting a dog from a particular bloodline only. 

Puppies can be adopted from a shelter, not only locally, but also internationally. Belgian dog-
rescuing organisations declare to rehome thousands of dogs yearly (i.e., from Spain, Romania, 
Greece, Croatia). Although few organisations declare to register dogs in TRACES (e.g., SHIN-
ACE), most declare using parallel import into Belgium, by rehoming dogs through the 
Netherlands (RESCANI VZW), to fly them over with tourists that agree to act as legal 
representative (Arca Noah España), or to rehome them first in Belgian foster homes (FFSHP 
VZW). These organisations use different methods, which makes it difficult to demarcate good 
from bad practices. However, taking into account the scale at which some organisations 
operate, the associated risks for transport of sheltered animals are not different to the ones of 
commercial transport. Additionally, the definition of commercial trade however, could be 
interpreted differently in the near future, since recent changes in the civil code regarding 
entrepreneurs and enterprises have regrouped all economic activities and now apply to non-
profit organisations (RD 11/08/2017 and RD 15/04/2018). It would therefore be preferable to 
provide a clear legal framework for larger organisations. 

The illegal circuit is per definition difficult to study, however, anecdotal reports indicate that it is 
an important practice, which can be of great concern to animal welfare but also public health. 
Despite not being included in the scope of this research, it is clear from the scale of these 
practices that also these routes of acquisition could benefit from closer examination. 

6.3. Differences between breeders

There is growing evidence that the conditions of housing, caring, and raising of puppies diverge 
between breeder categories, however, existing studies are faced with a number of difficulties. 
First, investigation of environmental differences is mostly performed indirectly and 
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retrospectively by investigating outcomes in adult dogs (Wauthier et al., 2018), and this is 
especially the case in behavioural research (McMillan, 2017). Because few studies investigate 
the environment directly, or focus on a time point that is situated as close as possible to the 
time at the breeder (i.e., preferably before or right after homing), they not only measure 
differences attributable to the breeder but also differences related to ownership and the 
associated context in which the puppy was raised. Second, the breeder-type is often an owner-
reported variable collected through convenience sampling instead of a verified variable 
collected through sampling of official databases. This is an important selection bias because 
dog owners are mostly unaware of their puppy´s breeders’ category unless there is a motivation 
to investigate the source. Third, the classification of dog breeders tends to be erratic in studies. 
Commonly, ‘breeder category’ is being dichotomized, such as registered or unregistered 
breeder (Korbelik et al., 2011), pet store or other (Hird et al., 1992), responsible or less 
responsible breeders (Gray et al., 2016), etc. However, this does not necessarily relay the 
variation in size of the facility, as described by De Meester and colleagues (De Meester et al., 
2005). Last, the few surveys designed to describe dog breeding facilities were based on self-
declaration only. Although anonymous mail questionnaires have multiple advantages, one 
cannot rule out social desirability bias (Mortel, 2008).

Because of the assumed importance of the environment on incidence of disease and 
behavioural development, breeders can impact the health of the puppies they sell, and also 
influence their early socialisation and environmental learning. In order to study the epidemiology 
of infectious diseases in dogs, it is important to consider the origin of the surveyed canine 
populations. Data obtained without considering the variability of the origin may induce 
apparently significant but biologically meaningless differences among the results (Itoh et al., 
2009). Considering the socialisation of a dog, breeders also play an important role. The intra-
specific socialisation will occur through contact with the dam, the littermates, and possibly 
other dogs. Inter-specific socialisation will depend on whether and how the breeder (and 
subsequently the owner) allows contact with other animal species and humans.

The execution of early socialisation and environmental learning, however, tends to conflict with 
health management according to widespread popular and veterinarian beliefs (Stepita et al., 
2013). Increasing the contact with conspecifics of different ages and the use of various 
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materials goes against biosecurity principles aiming to limit contacts and control the 
environment (Dewulf and Van Immerseel, 2018). On the other hand, application of strict 
biosecurity measures without considering the social behaviour of dogs could result in 
inadequate management and housing of dogs, which may increase the incidence of acute and 
chronic stress (Beerda et al., 1999). Chronic stress not only impacts the welfare and the 
behavioural development of a puppy, it has also been linked to effects on health and immunity. 
By altering tissue physiology and dampening immune responses to, for instance, invasive 
pathogens or antimicrobial products such as toxins, chronic stress influences the introduction 
and spread of infectious diseases (Beerda et al., 1999; Radek, 2010). Moreover, large-scale 
facilities are prone to disease spread if preventive measures, such as biosecurity procedures, 
are suboptimal (Schumaker et al., 2012). 

In summary, the popularity of dogs has provoked a shift in breeding practices, giving rise to a 
societal debate on intensive dog breeding. The environment shaped by the breeder is important 
for the behavioural development of puppies, and adverse situations at the breeder can result in 
behavioural impairment later in life. In parallel, the environment can harbour various pathogens 
that will impair health and welfare or represent a zoonotic risk, and puppies and pregnant dams 
are more at risk to contract a disease. Appropriate strategies, including environmental factors, 
are of utmost importance to limit disease. Dog breeding facilities tend to vary greatly, and the 
inferiority of puppies originating from intensive breeding facilities is suggested. However, no 
systematic investigation of the various breeding systems has been performed. To assess all 
environmental factors influencing the behavioural development and the health of puppies, a 
multidisciplinary approach is required. 

Meanwhile, guidelines on how to improve socialisation and environmental learning practices 
without compromising the welfare and health of puppies in intensive dog breeding are currently 
lacking. It is crucial to characterize the current husbandry conditions at different breeder types 
that may influence the health, hygiene, socialisation, environmental learning, and welfare. 
Subsequently, measuring behavioural and health outcomes in relation to the environment will 
provide potential areas of improvement. Finally, an evaluation of pet dog behaviour shortly after 
homing will help to assess the differences between dog breeder types, as perceived by the 
owner after the sale.  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CHAPTER 2: 
SCIENTIFIC AIMS

CHAPTER 2
The overall goal of this research is to contribute to the knowledge base of puppy husbandry 
practices and selling practices in Belgium, the variation between different breeder types, 
and the effects thereof on puppy health and behaviour. Breeding practices, such as line-
selection and mating strategies, were out of scope of this research. For this purpose, we 
conducted multiple cross-sectional studies, to answer the following questions: 

1. What are the current operating procedures at breeders or breeder merchants in relation to 
health, hygiene, socialisation, environmental learning, and welfare for breeding dams and 
puppies in their care? (chapters 3 and 4) 

2. Is there a relationship between the origin of the puppy, the type and size of the breeder 
and the health and behaviour of puppies? (chapters 5 and 6)

3. Can the available scientific information be translated into advices for breeders to ensure 
the health, socialisation, environmental learning and welfare of their puppies and to comply 
with the current Belgian legislation? (chapter 7) 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1. ABSTRACT

The success of the dog as a companion animal has undeniably led to a shift in dog breeding 
practices. While effects of inbreeding or large-scale breeding have given rise to numerous 
studies about potentially related health issues, it remains unclear to what extent behavioural 
development of dogs is influenced. By investigating the environment of puppies while at the 
breeder, the authors aimed to make an inventory of current practices regarding management, 
socialisation and environmental learning and, subsequently, to identify potential differences 
between breeder types. The cross-sectional study, conducted during 2016, revealed 
considerable variability in environment among dog breeders. Small-scale breeders, and 
especially occasional breeders (less than 10 adult dogs on site) provided most enrichment, 
both social and nonsocial, by, for instance, providing more outdoor access for pregnant dams 
and puppies or by providing access to visitors more freely. The presentation of environmental 
stimuli was less controlled in occasional breeders, raising the debate about quantity versus 
quality of stimuli at a young age. Large-scale breeders declared to screen potential owners less 
intensely and time to advise them was limited. To the authors’ knowledge, this is the first study 
that compares a large number of environmental factors between the different dog breeding 
categories.
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2. INTRODUCTION

In Western countries, 20-37% of the households own one or more dogs (AVMA, 2012; 
STATBEL, 2010; Westgarth et al., 2007). In Belgium for example, the total canine population 
consists of approximately one dog for ten inhabitants, with over 150,000 puppies registered 
yearly (STATBEL, 2014; FPS Public Health, Unpublished data). Similar figures are seen in the 
Netherlands (HAS Kennistransfer & Bedrijfsopleidingen, 2015). The main origin of these dogs, 
aside from private persons (producing approximatively 55% of all puppies), are breeding 
facilities such as breeding kennels, professional breeders and pet stores (Federal Public Service 
public health, Unpublished data).

As a result of thousands of years of cohabitation and coevolution, dogs are highly social 
animals and clearly have been imputed a prominent role in most cultures and societies. In 
recent centuries, dogs were selected in order to accompany and support human activities and 
needs (Thalmann et al., 2013). However, consonant with the Post-World War II economic 
expansion, many dogs have taken up position as a family member (AVMA, 2012; Dotson and 
Hyatt, 2008; Larson et al., 2012) and were further selected for appearance (i.e., desired physical 
characteristics such as size, skull shape, coat colour and texture) and behavioural traits. This 
has resulted in a shift in both breeding purposes and methods, and has unleashed a rush of 
research on the impact of such a shift on the physical health of several dog breeds (Lindblad-
Toh et al., 2005; Sutter and Ostrander, 2004). When it comes to the repercussions of this shift 
on behavioural development, however, literature is scarce (Gazzano et al., 2008). 

The rise in popularity of the dog as a family member has raised the demand for pet dogs, thus 
creating business opportunities. Currently, breeding facilities range from breeders producing 
only a few litters per year from a limited breeding stock to breeders procuring hundreds of 
litters from hundreds of breeding animals. This variety in size is reflected by a corresponding 
environmental diversity. Typically, during the period at the dog breeder, the puppy’s social 
environment largely depends on the way the facility is managed and consists of the dam and 
littermates, other animals, caretakers, and visiting humans (Dendoncker et al., 2018). Dogs and 
humans will play a considerable role in social referencing, thus modelling the response of a 
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puppy to stimuli and eventually influencing the behaviour at adult age (Merola et al., 2012; 
Payne et al., 2015). When considering human-dog interactions, not only the bond, but also the 
experience and knowledge of the caretaker could be of importance (Tami and Gallagher, 2009; 
Vas et al., 2005). In addition, there is anecdotal evidence that leads one to think that various 
types of breeders attract a different kind of clientele, which helps explain differences of adult 
behaviour when retrospectively looking at the origin (Salman et al., 1998; Weng et al., 2006).

Historically, research of canine behavioural development was of great interest, particularly the 
way in which personality is affected by early environment. Studies provide strong evidence of 
the effects of insufficient socialisation by stressing the effect on adult behaviour in the absence 
of sufficient stimuli (Fox, 1971; Fox and Stelzner, 1967; Immelmann and Suomi, 1981; Scott, 
1958; Scott and Fuller, 1965), or the importance of the presence of the mother and littermates 
(Foyer et al., 2013; Wilsson, 1984; Wilsson and Sundgren, 1998) and the risks associated with 
premature disruption of the mother-offspring bond (Suomi, 1997). In practice, this is often 
applied by exposing puppies to a large variety of stimuli during the socialisation period, and to 
breed dogs ideally in a household-like environment. 

However, previous studies do not inform about what kind and how much socialisation is 
optimal (Howell et al., 2015). It is conceivable that there is something like over-stimulation or 
over-socialisation. While homing of dogs at a later age was shown to be of concern when 
considering puppies bred in less enriched environments (De Meester et al., 2005; Pfaffenberger 
and Scott, 1959), it revealed recently to also be associated with a higher prevalence of fear and 
stranger-directed aggressiveness in puppies bred in a household-like environment (Jokinen et 
al., 2017; Tiira and Lohi, 2015).

To date, governmental guidelines essentially focus on minimum needs (i.e., housing 
management: flooring, stocking density, hygiene, vaccination requirements) and medical care 
(i.e., regulating the contracting veterinarians). However, to support behavioural development 
appropriately, it is important that these guidelines, for large-scale breeders or other breeder 
types, reflect the necessities in the field and are not mere transpositions of other settings 
(Indrebø, 2008). 
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From the first appearance of commercial breeding facilities, the welfare of breeding dogs has 
been questioned by the veterinary field and animal welfare associations (Steiger et al., 2008). 
Certain large-scale breeders were even coined “puppy mill”, characterised by monetary driven 
breeding of dogs whilst neglecting the physical, psychological or behavioural health of dogs 
(U.S. District Court for the District of Minnesota, 1984). An increasing number of authors have 
described that impairments are most likely to occur in puppies from large-scale breeders 
(Blackwell et al., 2008; Fatjo et al., 2007; Nagasawa et al., 2016; Patronek et al., 1996). Most 
cross-sectional studies have investigated the odds of compromised behavioural development 
for dogs born in these facilities through owner reported data (Casey et al., 2014; McMillan et al., 
2013; Pirrone et al., 2016).  

The relationship between the environment during puppy development and the future 
behavioural phenotype of the dog does not appear to be straightforward (Strandberg et al., 
2005; Tiira and Lohi, 2015). It is not necessarily linked to the satisfaction of the owner or his or 
her perception of the behaviour (Curb et al., 2013; Serpell, 1996). Events in the owner’s home 
after the sale cannot be taken out of the equation when testing at later age (Foyer et al., 2014, 
2013). Therefore, characterising the variability of key environmental factors in the breeding 
facility is an important step in elucidating that relationship. At present, there is a lack of 
comparative research investigating socialisation and environmental enrichment practices at 
different-sized breeding facilities. A first attempt in this direction was made by De Meester and 
colleagues, who described the environment in Belgian dog breeding kennels during the puppy 
socialisation period (De Meester et al., 2005). 

Rather than to argue if large-scale breeders provide less environmental stimuli, and whether or 
not this impairs the ability of dogs bred in these facilities to function adequately in human 
society, the authors’ focus in the present study is how each breeder category should implement 
socialisation practices without impacting health and hygiene. Individual breeders may know 
best practices that have been empirically shown to help puppies develop important life skills in 
their particular circumstances. However, being able to provide details of these practices could 
permit researchers and clinicians to assist them to produce pet dogs and dog owners to match 
expectations and training schemes (Howell and Bennett, 2011).
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To the authors’ knowledge, clear scientific guidelines that support the behavioural development 
of dogs in various environments are lacking. Additionally, no data exist that describe how the 
different breeding facilities need to fulfil the social needs of puppies to maximise the odds for a 
normal behavioural development. This paper aims to map the current situation regarding 
management and daily practices, as well as regarding opportunities for socialisation and 
environmental learning at different types of breeders. Additionally, differences between breeder 
categories regarding the types of social and nonsocial stimuli provided when raising the 
puppies and the modalities of a sale were investigated.  

3. MATERIALS AND METHODS

Between January 2016 and September 2016, a cross-sectional randomised study was 
conducted to examine the management conditions among the various breeder types. The 
target population consisted of all persons breeding or selling dogs in Belgium, which included 
puppies bred locally as well as those bred abroad and imported. The inclusion criteria for 
registered and non-registered breeders were that at least one adult dog was present on site 
and that at least one puppy had been sold during the last two years before the visit. The 
sampling frame consisted of all licensed breeding facilities and all breeders exempt from being 
licensed. The former were identified through data made available by the government. The latter 
were identified via advertisements in magazines, websites, social media, dog breed clubs, and 
local grocery announcement boards. The sample was stratified according to the seven Belgian 
legislative categories (RD 27/04/2007). A randomised list of breeders within each category was 
created and the first breeder on each list was contacted by phone to request participation in 
the study. If a breeder refused, the next breeder on the list was contacted, until the intended 
sample size (15 per stratum) was reached.  
Data were collected by the first author during an on-site orally administered questionnaire 
(average duration of 55min including a visit of the facility) on all aspects relevant to puppy 
behavioural development (animals, caretakers, environment, selling process) and observations 
at the breeding facility. A spreadsheet checklist was developed based on factors described in 
literature and aspects described in current legislation. More specifically, information was 
collected on the current number of breeding dams and sires at the time of the enquiry, pregnant 
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dams, litters (both self-bred and acquired), general management, the structure of the facility 
and the daily practices, the number and type of people involved in animal care, and exposure of 
dogs to the social and nonsocial environment. The 544 items (of which 142 were open 
questions) were pretested and further optimised based on a preliminary visit to three breeding 
facilities of different categories. The results of the 186 items concerning social and nonsocial 
environment are further described in this manuscript while data from the remaining 358 
questions (concerning hygiene, health and disease management) are described elsewhere 
(Dendoncker et al., 2018). Selling numbers were reported by the breeder although observations 
prevailed self-reported data when both were available. 

Data were collated in spreadsheet software (Excel 2011, Microsoft Office®). All statistical 
analyses were done with of SPSS Statistics v24 (IBM SPSS®). Before analysing, skewed 
continuous data (i.e., dams on site, puppies born yearly) were normalised by means of a log10 
transformation. Comparison of the breeder categories with regard to size (number of animals), 
caretakers and environment was performed by one-way Analysis of Variance (ANOVA) for 
continuous variables (e.g., the number of animals or the contact time with owners) and 
Generalised Linear Models were fitted to perform Binary Logistic Regression for binomial 
variables (e.g., providing outdoor access). Pairwise comparison of the data for each breeder 
categories with correction for multiple comparisons were performed respectively by Tukey post-
hoc analysis for continuous variables and Šidák correction for binomial data. We provided the 
effect size as Eta Squared (η2) and the F-Value (F), degrees of freedom (dF) and the statistical 
significance (corrected P-value) when possible for each continuous variable and we provided 
the effect size as mean difference (MD), corrected P-Value and Confidence Interval (CI) for each 
binomial variable. A confidence interval of 95% was retained and significance was retained 
when a P-value smaller than 0.05 was obtained. 

4. RESULTS

During this cross-sectional study, 102 randomly selected dog breeders from all breeder 
categories were visited. Although the Belgian legislation provides clear categories of breeder 
types, individual variation between breeders was larger than the intercategorical variation. 
Therefore, sampled dog breeders were recoded into four categories, according to the number 
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of dams on site and/or the number of puppies sold yearly. The breeders ranked into the new 
category showed more similarities (lower intra-category variability and higher inter-category 
variability) than when ranked into the Belgian categories. The authors decided to retain some 
terminology (such as occasional) because they will be comprehended by an international 
audience even without knowledge of the Belgian classification. A detailed description of the 
alternative breeder categories can be found in box 3.1.

   
Breeder category A is composed of dog breeding facilities limited in size, with less or equal to 
nine dams on site at the moment of the visit. It is called the category of occasional dog 
breeders. Breeders from category A included all the Belgian legally recognised categories 
(occasional breeders, hobby breeders, professional breeders and breeder-merchants) with the 
exception of large breeder-merchants.

Breeder category B: is composed of dog breeding facilities with 10 to 50 dams on site. This 
category is called the occupational dog breeders. Breeders from category B included all legally 
recognised categories.

Breeder category C is composed of commercial breeding facilities, organised at a scale of 51 
or more dams on site. This category is called the commercial dog breeders. Breeders from 
category C included only large professional breeders and large breeder-merchants.

Breeder category D includes merchants with a small-scale breeding facility (equal or more 
than 50 dams on site), selling equal or more than 350 puppies a year. This category is called the 
dog merchants. Breeders from category D included only breeder-merchants.

Both categories A and B are considered as small-scale breeders throughout this study while 
categories C and D are considered as large-scale breeders. 

The distribution of the sampled breeders across these four categories and across Belgian 
categories (discussed in chapter 1) is depicted in table 3.1. 
Box 3.1: Alternative breeder categories 
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Table 3.2 lists the parameters related to the size of a breeding facility per breeder category. 
Considerable variation in size of the facility was found between the categories. Large-scale 
breeders were associated with more breeding adults on site (F3,89=48.1; P<0.01; η2=0.6) and 
selling more puppies (F3,89=207.8; P<0.01; η2=0.9). Commercial breeders had significantly more 
dams and sires than occupational breeders (MD=0.7; P<0.01; CI=0.4, 0.9), which in turn had 
more dams and sires than occasional breeders (MD=0.5; P<0.01; CI=0.4, 0.6). The category of 
dog merchants was represented by merchants having fewer dams and sires than commercial 
breeders (MD= 0.7; P<0.01; CI=0.4, 1.0), while selling a larger number of dogs than occasional 
breeders (MD=2.1; P<0.01; CI=1.9, 2.3) and occupational breeders (MD=1.4; P<0.01; CI=1.2, 
1.6). 

Table 3.1: The number of sampled dog breeders according to the Belgian classification  
(see chapter 1 for a detailed description) and the alternative classification (A – D).
Functional categories of dog breeders, based on 
management practices Total
Small-scale Large-scale
Legislative categories Occasional breeder
Occupational 
breeder
Commercial 
breeder Dog merchant
Occasional Breeder 14 2 16
Small Hobby Breeder 11 4 15
Large Hobby Breeder 7 8 15
Small Professional 
Breeder 4 11 15
Large Professional 
Breeder 2 11 2 15
Small Breeder-
Merchant 4 5 4 13
Large Breeder-
Merchant 4 5 4 13
TOTAL 42 45 7 8 102
 73
CHAPTER 3
a-c Index indicates a significant difference (P<0.05) between the means/percentages 

Data about caretakers are listed in table 3.3. Breeder type was associated with the number of 
caretakers employed (F1,98=6.3; P=0.01; η2=0.06). Large-scale breeders declared to have more 
caretakers compared to small-scale breeders (MD= 1.9; P=0.01; CI=0.4, 3.4). The ratio of 
caretakers to the number of dogs on site (adult dogs and puppies) is the highest in occasional 
breeders (MD=1.6; P<0.01). While large-scale breeders tended to be organised as a company 
and declared to employ staff more often than small-scale breeders (MD=0.7; P<0.01; CI=0.6, 
0.9), a considerable number (46.9%) of breeding facilities consisted of a family operation where, 
if present, under-aged children (<16 years of age) were involved in the daily care of the dogs. 
No significant differences arose between the breeder categories regarding the declared 
involvement of under-aged children (MD=0.2; P=0.06; CI=0.0, 0.5). 

Twenty-one breeders (20.6%) declared to have followed a specific education to work with dogs. 
The most commonly recorded educations related to dogs were grooming (n=10), veterinarian 
(n=4), veterinary nurse (n=3), and trainer (n=2), while two breeders declared having followed a 
night school class in dog breeding. Four breeders operated a pig farm besides their dog 
Table 3.2: Number of animals (dams, sires, and puppies) at the different categories of breeders.
Small-scale Large-scale
Occasional 
breeder  
(n=42)
Occupational 
breeder  
(n=45)
Commercial 
breeder  
(n=7)
Merchant  
(n=8)
Average number of dams 
on site (SD)
5.1a  
(2.5)
17.5b  
(8.7)
101.4c  
(51.1)
17.1b  
(17.3)
Dams on site [min; max] [1; 9] [10; 34] [56; 180] [1; 47]
Average number of sires on 
site (SD)
2.7a  
(2.0)
6.8b  
(5.4)
16.2c  
(3.8)
4.9a,b  
(4.1)
Sires on site [min; max] [0; 9] [0; 23] [10; 20] [0; 11]
Average number of puppies 
born in 2015 (SD)
11.6a
(12.3)
54.5b  
(54.4) 532.2
c (307.3) 120.0
b  
(72.6)
Puppies born in 2015 [min; 
max] [0; 75] [0 ;300] [296; 1087] [30; 200]
Average number of puppies 
sold  
in 2015 (SD)
7.2a  
(6.1)
24.6b  
(28.1) 480.0
c (403.5) 1092.9c (638.0)
Puppies sold in 2015 [min; 
max] [0; 21] [0; 100] [0; 1000] [500; 2000]
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breeding activity (A=2, B=1, C=1), five breeders had a stud farm (A=1, B=2, C=1, D=1) and two 
breeders were previously pig farmers that switched entirely to dog breeding (B=1, C=1).

a-b Index indicates a significant difference (P<0.05) between the means/percentages 

The housing conditions of the dogs at the different breeder categories are depicted in tables 
3.4, 3,5, and 3.6. Three physical compartments were observed at all breeders: a location with 
adult breeding dogs, a maternity ward (dam and litter) and a nursery (where puppies are kept 
until the sale). Adult breeding animals were mainly kept in pairs or in groups (94.8%), with 
individual housing being less common among breeders (5.2%, all of which were occasional 
breeders. 80.6% of all breeders had a separate building unit or room where their adult dogs 
were housed. Occasional breeders most often (88.1%) declared to provide a household-like 
environment (i.e., allowing dogs into their own living quarters) for adult breeding dogs 
compared to occupational breeders (MD=0.3; P<0.01; CI=0.0, 0.5), commercial breeders 
(MD=0.7; P<0.01; CI=0.4, 1.1) and merchants (MD=0.5; P<0.01; CI=0.0, 1.0). They also 
declared to provide a household-like environment for their puppies more often compared to 
commercial (MD=0.6; P=0.04; CI=0.0, 1.0). Occupational breeders declared to provide a 
household-like environment for adult breeding dogs more often compared to commercial 
breeders (MD=0.4; P=0.02; CI=0.0, 0.8). Compared to large-scale breeders, small-scale 
breeders declared to provide more often outdoor access for pregnant dams (MD=0.5; P<0.01; 
CI=0.3, 0.6) and for puppies (MD=0.6; P<0.01; CI=0.3, 0.8). 

Table 3.3: Caretakers at the different breeder categories.
Small-scale Large-scale
Occasional 
breeder 
(n=42)
Occupational 
breeder 
(n=45)
Commercial 
breeder  
(n=7)
Merchant 
(n=8)
Average (SD) number of 
caretakers
1.3a (1.1) 1.2a (0.6) 3.3b (1.9) 3.6b (2.0)
Breeders where children 
(<16years)  
are involved in daily 
activities (%)
48.8a 52.4a 50.0a 0.0a
Breeders with education 
about dogs (%)
35.7a 23.8a 14.3a,b 0.0b
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The outdoor environment was categorised into solid flooring (e.g., concrete, tiles, pavers or 
bricks) or in deformable flooring (e.g., grass, sand, or dirt). Large-scale breeders more often 
declared to limit procedures to daytime for breeding adults (MD=0.5; P<0.01; CI=0.3, 0.6), 
pregnant dams (MD=0.5; P<0.01; CI=0.4, 0.6) and puppies (MD=0.5; P<0.01; CI=0.4, 0.6). 
The social environmental enrichment is defined as contact with other dogs (i.e., dam, 
littermates, other dogs) and with humans (i.e., caretakers, staff, visitors). On average, pregnant 
females were declared to be isolated from other adult dogs into a maternity ward after week 7.2 
(1.0) of gestation. Sixty-five breeders (63.7%) declared to progressively limit contact between 
puppies and their mother before weaning. Age of onset for progressive limiting contact in one 
way or another ranged from birth to seven weeks. Except for one occasional breeder who 
declared to wean his dogs at five weeks of age, none of the breeders declared to completely 
wean puppies before eight weeks of age. Overall, 79.8% of all breeders declared to perform 
contact limitation by relocating the dam, whereas 50.0% relocated the puppies and 41.7% by 
relocating both. Large-scale breeders showed the highest rate of relocating puppies (MD= 0.4; 
P<0.01; CI=0.2, 0.7) while no significant differences were found for relocating the dam (MD=0.1; 
P=0.6; CI=-0.3, 0.2). 

a-c Index indicates a significant difference (P<0.05) between the percentages 

Table 3.4: Housing conditions (percentage of breeders) for adult dogs at the different breeder 
categories
Small-scale Large-scale
Occasional 
breeder 
(n=42)
Occupational 
breeder 
(n=45)
Commercial 
breeder (n=7)
Merchant 
(n=8)
Breeders providing a household-
like environment for adult dogs (%) 88.1
a 58.1b 14.3c 37.5b,c
Providing access to outdoors for 
adult dogs (%) 40.6
a,b 71.4a 100.0a,b 90.2b
Limiting procedures for adult dogs 
to daytime (%) 35.7
a 60.0a,b 100.0c 87.5b,c
Granting access for visitors to 
adult dogs (%) 85.7
a 54.8b 28.6b 28.6b
 76
CHAPTER 3
a-b Index indicates a significant difference (P<0.05) between the percentages 

a-c Index indicates a significant difference (P<0.05) between the percentages 

Table 3.7 lists the types of contact provided by breeders between puppies (before weaning) and 
adult dogs (different from the dam). Three occasional breeders had no other adult dogs on site, 
thereby providing limited contact opportunities. Large-scale breeders declared to allow physical 
contact between puppies and adult dogs significantly less often than small-scale breeders 
(MD=-0.4; P=0.01; CI=0.1, 0.6), with stimuli limited to olfactory/auditory (only being able to 
smell/hear other dogs) or visual (being able to smell/hear/see other dogs) without the possibility 
of direct contact.  

Table 3.5: Housing conditions (percentage of breeders) for pregnant dams at the different 
breeder categories
Small-scale Large-scale
Occasional 
breeder 
(n=42)
Occupational 
breeder 
(n=45)
Commercial 
breeder (n=7)
Merchant 
(n=8)
Providing access to outdoors in 
the maternity ward (%) 87.8
a 84.4a 28.6b 37.5b
Limiting procedures to daytime 
in the maternity ward (%) 38.1
a 57.8a 100.0b 100.0b
Granting access for visitors to 
maternity ward (%) 42.9
a 24.4a 14.3a 12.5a
Table 3.6: Housing conditions (percentage of breeders) for puppies at the different breeder 
categories
Small-scale Large-scale
Occasional 
breeder 
(n=42)
Occupational 
breeder 
(n=45)
Commercial 
breeder  
(n=7)
Merchant 
(n=8)
Providing a household-like 
environment in the nursery (%) 88.1
a 65.9a 33.3b 40.0a,b
Providing access to outdoors in 
the nursery (%) 90.5
a 84.4a 33.3b 28.6b
Limiting procedures to daytime 
in the nursery (%) 31.0
a 60.0b 100.0c 100.0c
Granting access for visitors to 
nursery (%) 92.7
a 75.6a 28.6b 50.0a,b
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a-c Index indicates a significant difference (P<0.05) between the percentages 

An association was found between occasional breeders and access for visitors to the 
compartments in which adult dogs were housed and nursery. Occasional breeders granted 
more access to visitors to the adult dogs compared to occupational breeders (MD= 0.3; 
P<0.01; CI=0.0, 0.6), commercial breeders (MD= 0.6; P<0.01; CI=0.1, 1.0) and merchants (MD= 
0.6; P<0.01; CI=0.1, 1.0). Occupational breeders granted more access to visitors to the adult 
dogs compared to commercial breeders (MD= 0.6; P<0.01; CI=0.2, 1.1). Regarding the 
maternity ward, occasional breeders declared to allow more contact with visitors than 
occupational breeders, although this difference was not significant. A showroom (i.e., a 
compartment of the breeding facility where puppies are housed with free to moderately 
restricted access to visitors) was observed only at large-scale breeders. 

Merchants were predominantly merchants (84.2%) and declared to sell puppies that mainly 
(80.3%) originated from foreign breeding facilities (i.e., Slovakia and Czech Republic), and to a 
lesser degree, from other registered Belgian breeding kennels. They also reported selling 
puppies originating from occasional breeders. Differences between breeder types in reported 
sale circumstances and provided consumer-advise were investigated. The contact time that 
breeders reported to spend with potential buyers when selling a puppy ranged from 5 minutes 
to 240 minutes. Detailed numbers for the contact time can be found in table 3.8. Breeder type 
was associated with the declared time spend with potential owners (F1,73=4.1; P=0.05; 
η2=0.05). Large-scale breeders declared to spend less time with new owners than small-scale 
Table 3.7: Exposure to environmental stimuli (percentage of breeders) at the different breeder 
categories
Small-scale Large-scale
Occasional 
breeder 
(n=42)
Occupational 
breeder 
(n=45)
Commercial 
breeder  
(n=7)
Merchant 
(n=8)
Breeders who exposed puppies 
only to olfactory/auditory stimuli 
(%)
19.4a 18.6a 42.9a 25.0a
Breeders who exposed puppies 
only to visual stimuli (%)
22.2a 16.3a 28.6a 50.0a
Breeders who exposed puppies 
without limitation (%) 58.3
a 65.1a 28.6b 25.0b
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breeders (MD=32.3; P=0.04; CI=1.5, 63.2). When comparing the average selling price of breeds 
in the same Fédération Cynologique Internationale breed group (e.g., Terriers or Retrievers, 
Flushing Dogs and Water Dogs or Sheepdogs and Cattledogs), occupational breeders were 
observed to charge significantly more than commercial breeders and merchants (P<0.05; 
η2=0.2; MD=0.3).  
Occasional and occupational breeders declared to screen potential buyers most frequently for 
composition of the family, spare time, experience with dogs, experience with a particular breed, 
income, profession, and the general attitude of the buyer towards a dog and its upbringing. 
Occasional breeders declared to screen potential buyers more often than occupational 
breeders (MD=0.3; P=0.03; CI=0.0, 0.6), commercial breeders (MD=0.7; P<0.01; CI=0.6, 0.9) 
and merchants (MD=0.7; P<0.01; CI=0.6, 0.9). Occupational breeders declared to screen 
potential buyers more often than commercial breeders (MD=0.4; P<0.01; CI=0.2, 0.7) and 
merchants (MD=0.4; P<0.01; CI=0.2, 0.7). 72.6% of all breeders declared having refused at 
least once to sell a dog to a particular person. Reasons for refusal included: intended function 
of the dog, insufficient time to care for the dog, age of the buyer, presence of children in the 
household, and incorrect expectations towards a particular breed. Forty-two breeders, all of 
which sold pedigree dogs, reported having a waiting list of candidate-buyers, ranging from 
three months to up to two years, and five of these breeders required a deposit in order to be 
enrolled on the list. Five breeders (all large-scale) declared to redirect potential buyers to 
another breed when asked for a breed not available. Six breeders (four occasional breeders and 
two occupational breeders) declared to perform behavioural testing to match a puppy with a 
particular owner. 

a-c Index indicates a significant difference (P<0.05) between the means/percentages 

Table 3.8: Buyer-seller commitment at different breeder categories.
Small-scale Large-scale
Occasional 
breeder 
(n=42)
Occupational 
breeder 
(n=45)
Commercial 
breeder  
(n=7)
Merchant 
(n=8)
Average time spent (in min) with  
new puppy owner (SD) 82.2
a (47.8) 78.9a (52.4) 70.0b (17.3) 39.3b (21.3)
Percentage (%) of breeders 
declared to screen potential 
buyers
74.3a 41.9b 0.0c 0.0c
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58.8% of all visited breeders declared to provide information to new owners about 
management, food, behaviour and socialisation, training, prophylaxis, and warranty. The most 
common types of advice were related to nutrition (94.1%) and health issues (94.1%). The most 
popular ways among breeders to advise new dog owners were: verbal explanation, either face-
to-face or over the telephone (76.5%), on paper (68.6%) or digital handouts (34.3%), and a 
support website (22.5%). The breeders who reported not to provide any information to owners 
(n=6) were all occasional breeders. 

5. DISCUSSION

The aim of this study was to describe the daily practices relevant for puppy behavioural 
development, as well as any differences between breeder types concerning management, 
number of dogs on site, type and number of caretakers, the types of social and nonsocial 
stimuli provided, and the different aspects that define the selling process, by means of a cross-
sectional survey of 102 facilities.  

Data of the current study revealed small-scale dog breeders (and especially occasional 
breeders) more often kept puppies in a household-like environment and were less concerned 
with maintaining a natural light schedule by limiting the procedures to daytime only. Raising 
puppies in a household-like environment has anecdotally been accepted in assistance and 
laboratory dog programs as the best way to ensure dogs are functional in a human society 
(Howell and Bennett, 2011; Koda, 2001; Loveridge, 1998). Since small-scale breeders also 
allowed more contact with other dogs and outdoor access in the maternity ward and in the 
nursery, it can be concluded that they provided a more enriched environment during the 
socialisation period of puppies than large-scale breeders. Puppies must learn about the 
environment, i.e., which stimuli can be ignored, and which predict beneficial events or, instead, 
potentially harmful ones. The effects of lack of such stimulation have been investigated in 
previous research (Hubrecht, 1993; Scott, 1958; Strandberg et al., 2005). However, the effects 
of over-stimulation, including stimulation at an intensity exceeding a puppy’s threshold for fear, 
have not been systematically studied (Baskin et al., 2016; Epstein, 2006). A weak stressor must 
be presented repeatedly in order to achieve habituation while strong stimuli may yield no 
significant habituation (Grissom and Bhatnagar, 2009; Rankin et al., 2009). 
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Social interactions are essential for a healthy behavioural development in dogs. In this study, 
intraspecific, and human familiarisation were the main social interactions investigated. Mother-
infant bonding is the formation and maintenance of a social bond between the primary 
caretaker (mainly the dam) and the offspring and is essentially shaped by the hormone oxytocin 
(Ainsworth, 1969; Kendrick, 2000; Nagasawa et al., 2012; Young et al., 2001). A shortage in 
maternal care not only influences behavioural development and stress coping at a later age, as 
shown in rodent models (Liu et al., 2000, 1997), but also impairs spatial learning and memory 
(Liu et al., 2000; Meaney, 2001). As a general accepted rule, weaning should not be completed 
until seven weeks of age (Wilsson, 1984). 

Intraspecific socialisation of puppies occurs through contact with the dam, the littermates, and 
other dogs (Slabbert and Rasa, 1997). In the presented data, no associations were found 
between the breeder category and the contact time or the frequency of contact between the 
dam and her offspring, or how the breeder realises the separation, except the frequency of 
relocating weaned puppies. It seems likely that awareness for the minimal weaning age has 
grown since the publication of De Meester and colleagues in which 22 out of 62 breeders 
reported weaning the puppies before seven weeks of age (De Meester et al., 2005). Large-scale 
breeders provided fewer intraspecific interactions for puppies (i.e., contact with adult dogs 
other than the dam) than small-scale breeders. Although enrichment guidelines focus on the 
provision of visual contact between dogs (Wells, 2004), it is conceivable that limiting physical 
contact (i.e., to limit introduction and spread of pathogens) may influence the socialisation 
process (Previde et al., 2009; Tuber et al., 1996).

Interspecific socialisation with humans occurs mainly through contact with the principal 
caretaker and other humans the puppy comes in contact with. Differences regarding numbers 
of caretakers were recorded, and although large-scale breeders more often employed 
caretakers, it appeared that the ratio of animals (dams and puppies) to caretakers was the 
lowest for occasional breeders, which could result in more socialisation opportunities as well as 
more social bonding between the caretaker and the dog. However, interpretation of this data is 
difficult since this does not take into account the number of man-hours a day spent per dog nor 
the quality of interaction with the dog. 
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Dog breeders varied in knowledge and background across all breeder categories. While it is 
often said that some large-scale breeders are previous farmers that switched to dog breeding 
to maximise profits (Tushaus, 2009), we found retired and active farmers in all types of 
breeders.

Interestingly, data in this study showed differences in whether and how often visitors are 
allowed, with occasional breeders appearing to be less strict in prohibiting contact from 
visitors. Biosecurity measures and the scale of a facility taken into account, restricting access 
for strangers is common in large-scale breeders, and more incidental for small-scale breeders. 
It can be hypothesised that some breeders prefer not to disclose the housing conditions of their 
dogs and therefore restrict visitors to the showroom area. Another hypothesis for access 
restriction is to minimise stress/fear in the dam. The question of whether or not a pregnant dam 
will respond fearfully and/or stressed in the presence of a stranger, depends on many factors. It 
is related to individual differences (Hennessy et al., 2001), is breed dependent (Svartberg, 
2006), and depends on the type of communication and the perception by the animal (Vas et al., 
2005). This can be partially explained by the social referencing in dog-human interactions: the 
caretakers’ reaction could influence the response of a dam (Merola et al., 2012). Recent 
research has shown that bonding with humans can result in a secure base effect (i.e., a buffer 
against stress), and is generally directed at the owner but sporadically at the primary caretaker 
or even unfamiliar humans (Horn et al., 2013; Nagasawa et al., 2009). Evidence in several 
species revealed that the exposure of the dam to unpredictable prenatal stress impacts the 
neuroendocrine development and may selectively degrade social behaviour of the offspring 
(Glover and O’Connor, 2002; Huizink et al., 2003; Lee et al., 2007; Weinstock, 1997). In order to 
enable the dogs to cope with stress, they should be provided with meaningful control over their 
environment, especially around parturition (Rooney et al., 2009).  Since some breeding dogs 
may find human encounters stressful (McMillan et al., 2011), a possible solution, in analogy to 
zoo animals, could be altering the conditions of housing (e.g., providing hide-outs) to give the 
dam (and puppies at a later age) more control over their encounters with strangers (Hosey, 
2005). While social withdrawal is to be expected shortly before parturition, some dams are 
segregated for weeks around parturition date (Dendoncker et al., 2018). It can be hypothesised 
that providing positive intraspecific social interactions can be beneficial for the mental health of 
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breeding dams. Further research on social referencing at different breeder types is needed to 
determine if interaction with strangers in the context of a maternity ward is an added value for 
the dam or contrarily, has a negative effect. 

Data presented in this paper illustrate differences between the buyers at the different breeder 
types. Buyers from occupational breeders (i.e., Kennel Club) are willing to wait for a puppy, 
have their life and family situation screened, and are prepared to buy the puppy for a 
considerably higher price. It can be hypothesised that these buyers are better prepared and 
judicious when it comes to buying and raising a puppy, thus reducing the risk of future 
behavioural problems and/or shelter relinquishment. In contrast, merchants are perceived as 
low-threshold, less expensive, and, most-often, the desired puppy is ‘in stock’. But even if this 
is not the case, people visiting large-scale breeders can be guided to buy and indeed acquire 
another breed they originally intended to. This finding confirms that the origin of the dog is often 
subjected to confounders, some of which are related to the owner (Pirrone et al., 2016). All 
owners are not equally prepared to take a puppy into their home (Endersby and Health, 2013). 
Therefore, the different types of owners should be taken into account when comparing different 
types of dog breeders through owner-reported behaviour. How the owners perceive the 
behaviour of their dog is not only related to previous experiences, but is also dictated by 
investment (Collisson, 2015), bonding (Meyer and Forkman, 2014), expectations about the care 
and costs of having a dog, and further sociodemographic data of the owner (O’Connor et al., 
2016; Patronek et al., 1996). 

Verbal communication is the most popular way of sharing information when selling a dog in all 
categories, but the ability to process the information will vary based on the experience and 
socioeconomic status of the potential buyers (Childers et al., 1985). Paradoxically, some small-
scale breeders declared to give no advice to new owners, namely occasional breeders. It is 
important to notice that, for registered breeders, there is an obligation to provide a minimum of 
advice (RD 27/04/2007). Occasional breeders are thus not obliged to inform potential owners. 
However, it can be hypothesised that some household breeders lack the knowledge to give 
proper advice to potential buyers. Also, it can be hypothesised that some occasional breeders 
operate for profit, neglecting their role in consumer advice, and because of their small-scale, 
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they remain unmonitored and unregulated. This type of breeder has been referred to in literature 
as backyard breeders and could be an increasing problem regarding animal welfare.

Additionally, large-scale breeders operate in a more restricted timeframe when selling dogs, 
whereby, according to our data, only the most relevant information was passed on, forsaking 
seemingly ‘less important’ information. It is to be expected, therefore, that not every buyer is 
sufficiently informed or experienced, increasing the risk of future behavioural problems or 
shelter relinquishment.  

There are a number of limitations to this study. First, although a randomised selection was 
applied, collaboration was achieved only by willingness to participate. As other epidemiological 
studies have shown, self-selection may introduce systematic errors in prevalence estimates as 
well as in association measures (Nilsen et al., 2009). As a result, questionable breeding 
practices might be underrepresented, and some breeders could be especially opposed to 
allowing strangers in to observe their facilities. However, given that dog breeding is currently an 
emotional and debated subject, willingness to participate was deemed to be a more reliable 
way of gaining certain information that would not be obtainable through a mandatory 
assessment by governmental audit. The main reasons not to participate were described 
elsewhere (Dendoncker et al., 2018). Second, since there is no official quantification of non-
accredited breeders and no databases are available, the total population is unknown. To limit 
the risk of selection bias, a multi-stage sampling approach was applied. 
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6. CONCLUSION

This study provides a detailed description of different canine breeding facilities and permitted a 
comparison between the distinct groups of breeders, based on demographics, with regard to 
management, opportunities for socialisation and environmental learning, and in terms of the 
sale of a puppy. Large-scale breeders appeared to be most rigorous regarding disease 
prevention and management, stressing the principles of limitation and control of disease in the 
breeding facility. As a result however, this breeder category provided a less enriched 
environment, both social and nonsocial compared to small-scale breeders. In occasional 
breeders, the question arises if more control of the environmental stimuli could be deemed 
profitable in order to avoid over-stimulation of puppies and to limit non-controlled exposure of a 
nursing dam. Compared to occupational breeders, large-sale breeders appeared to target a 
different clientele, by demanding a lower commitment from puppy buyers, both time wise and 
financially. Differences between the breeder types, as presented in this paper, are an important 
factor to take into account when drawing up practical guidelines on socialisation, environmental 
enrichment, and welfare assessment. This study provides a foundation to identify and validate 
possible causative factors in behavioural development and establishes the basis for 
subsequent investigation of behavioural differences between puppies originating from different 
breeders.
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1. ABSTRACT 

To investigate the current management and biosecurity practices and identify possible 
differences between different types of breeders, a cross-sectional study was carried out in 102 
Belgian dog breeding facilities ranging from small (less than 10 dams on site) to large-scale 
(more than 50 dams on site or at least 350 puppies sold yearly) breeders. 

Veterinary prophylactic protocols (i.e., vaccination, endoparasite control, ectoparasitic 
treatments) were mostly highly implemented (91.5%, 92.6%, 42.7% respectively) across all 
breeder categories. 13.8% of all visited breeders reported to administer antimicrobials to each 
female post-partum and 10.3% reported to treat all puppies, or at least of one breed, 
systematically with antimicrobials. 

Large-scale breeders reported to employ staff more frequently (MD=0.7; P<0.01; CI=0.6, 0.9), 
and appeared to be more familiar with the principles of biosecurity. Compared to small-scale 
breeders, they reported to apply disinfection more often at the adult dogs (MD=0.6; P<0.01; 
CI=0.4, 0.8) and at the maternity ward (MD=0.5; P<0.01; CI=0.2, 0.7). They also reported to 
apply hygienic measures more often at the maternity ward (MD=0.4; P<0.01; CI=0.1, 0.7) and 
the nursery (MD=0.3; P=0.04; CI=0.0, 0.5) and had a tendency to apply hygienic measures 
more often at the adult dogs (MD=0.2; P=0.08; CI=0.0, 0.5) and to quarantine newly acquired 
dogs (MD=0.7; P<0.01; CI=0.5, 0.9) more often compared to small-scale breeders. 
Nonetheless, a moderate knowledge of and use of disinfection was recorded, as was the 
presence of pet dogs, breaking the compartmentalisation. Results of this study indicate that 
there is substantial room for improvement in hygiene and disease management across all 
categories of breeders. 

The characterisation of different types of dog breeders with respect to biosecurity and 
management practices is a first step towards improvement of dog husbandry and biosecurity 
measures. Tailored guidelines should permit breeders to further improve the health of breeding 
animals and puppies while reducing the risk of infectious disease outbreaks and associated 
expenses.
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2. INTRODUCTION

In the past decennia, operations of large-scale canine breeders (i.e., selling more than 20 litters 
a year) and merchants have been linked to higher incidences of illness and disease outbreaks in 
dogs compared to those of small-scale breeders (Bandai et al., 1999; Hird et al., 1992; Scarlett 
et al., 1994; Schumaker et al., 2012; Stavisky et al., 2012; Stehr-Green and Murray, 1987), 
possibly obstructing the welfare of puppies and breeding dogs. Improvement in prophylactic 
treatments and immunisation might be expected due to the efforts of expert groups publishing 
and distributing guidelines in the last decade (Day et al., 2016; ESCCAP, 2010a; Looney et al., 
2008; Welborn et al., 2011). 

However, despite available guidelines, there is evidence that applied prophylactic protocols for 
puppies are insufficient for good dog breeding facility management. Several authors have 
suggested that immunoprophylaxis against common canine viral pathogens can fail because of 
incorrect application (Day et al., 2007), insufficient immunisation (Ellis, 2010) or interference with 
maternal immunity (Decaro and Buonavoglia, 2012; Thiry and Horzinek, 2007). Endoparasite 
control is widely applied on a regular basis, however routinely used formulations are not 
effective against Giardia spp. and Cystoisospora spp., and high prevalences of these 
endoparasites are reported in breeding facilities (Dupont et al., 2013). Although there is no 
evidence yet, it is possible that the current endoparasite control strategies might hasten the 
appearance of benzimidazole resistance at dog breeding facilities, as has occurred in livestock 
(Bugg et al., 1999). 

The periparturient period is undoubtedly the period with the highest risk of disease 
transmission, and antimicrobial treatments (e.g., amoxicillin-clavulanic acid or cephalosporins) 
are readily available and applied during this period (Milani et al., 2012; Münnich, 2008). 
Excessive and incorrect implementation of antimicrobials may, contrarily to their purpose, give 
rise to unwanted or even dangerous circumstances such as the development of drug 
resistance. Antimicrobial use in small animals has been identified as one of the risk factors for 
colonisation or infection with resistant pathogens (Bramble et al., 2011; De Graef et al., 2004; 
Pomba et al., 2016; Rota et al., 2011). 
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In analogy with other species, it is assumed that higher levels of biosecurity lead to a reduction 
in the need for antimicrobials and to improved animal health, thus increasing the welfare 
(Postma et al., 2017; Speksnijder et al., 2015). Biosecurity is the total of preventive measures to 
limit animals’ and persons’ exposure to disease agents (Anderson, 1998). External biosecurity 
measures are applied to limit the entrance of pathogens while internal biosecurity measures, 
often called biocontainment, help to control the spread of pathogens within the facility (Villarroel 
et al., 2007). A detailed read of biosecurity measures and application in dog kennels and 
breeding facilities can be found in Biosecurity in animal production and veterinary medicine: 
From principles to practice (Dendoncker et al., 2018).

Guidelines for biosecurity measures exist for group housing of dogs (Miller and Zawistowski, 
2012) and some measures (e.g., duration of quarantine, use of non-porous materials, stocking 
density) are legally required (Code de l’Environnement, RD 14/08/1986, RD 27/04/2007, 
VLAREM). Unfortunately, to date, it is unclear if and how these guidelines are applied in canine 
breeding facilities, especially in small-scale dog breeders. Not all breeders seem to apply the 
same level of health management and biosecurity, likely because large-scale breeders have 
been associated with more disease in the past.  In addition, prophylactic protocols may be 
insufficiently useful due to how they are applied, how breeders approach antimicrobial 
strategies, and how they approach general management (e.g., use of porous materials that are 
not easy to keep pathogen-free). Further examination of the above-mentioned issues can be 
achieved by mapping out existing health and biosecurity management in dog breeding.

Given the importance of disease prevention, the aim of this study was to investigate 
management, biosecurity practices and health protocols at different breeder types to be able to 
provide better guidance for future improvements. 

3. MATERIALS AND METHODS

3.1. Study design

Given the protocol Directive 2010/63/EU did not apply and no permission from an Animal Ethics 
Committee had to be sought. A written informed consent was obtained from all dog breeders 
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before entry into this study. This study was designed as a stratified randomised cross-sectional 
study. 

The target population consisted of persons breeding and selling dogs in Belgium, which 
included puppies bred locally as well as abroad. In Belgium, seven categories of dog breeders 
are legally defined (Table 4.1) and are regulated accordingly (RD 27/04/2007). This classification 
results in the appellation of the occasional breeder, the hobby breeder, the professional breeder 
and the breeder-merchant. This classification is based on the number of litters born yearly (less 
or equal than or more than ten) and further subdivision in small and large categories of breeders 
hinges on the number of females on site (less or equal than or more than ten), respectively. All 
breeders except occasional breeders are subject to accreditation before being allowed to breed 
and sell dogs. Based on these criteria, dog breeders producing more than two litters per year 
are registered and receive an accreditation. Legislation states that breeders may only 
merchandise self-bred puppies, with the exception of breeder-merchants, who may also supply 
puppies from a different source, e.g., puppies from other Belgian breeders or puppies 
originating from foreign countries. 

The sampling frame consisted of a selection of accredited breeding facilities, listed by the 
government, and of all non-accredited breeders (producing less or equal than two litters per 
year) that could be identified through known sale channels such as: kennel club websites, 
canine breed clubs, specialised magazines, social networks, and online advertisements. The 
inclusion criteria for both accredited and non-accredited breeders were that the breeders were 
actively breeding or selling dogs, that at least one adult female dog was present on site, and 
that at least one puppy has been sold during the last two years before the visit (i.e., 2014 or 
2015).

Randomisation of accredited dog breeders was achieved by stratified sampling from the 
registration database based on the Belgian classification, while aiming for an arbitrary number 
of breeders (n=15) for each stratum (Table 1). Randomisation of non-accredited breeders was 
achieved by performing a systematic random sampling (n=15) of dog breeders advertising a 
litter at that moment.
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3.2. Data collection

All randomly selected breeders were contacted prior to an on-site visit to solicit their 
cooperation, as participation by breeders was voluntary. A response rate of 50.2% was 
obtained. The main reasons for participation refusal were: not actively breeding anymore, 
participation was deemed too time-consuming, retirement was imminent, or the investigator 
was unable to reach the breeder. Other, less common (<10%) reasons reported not to 
participate included: no particular interest in the study, change in regulations is not welcome, or 
the breeder and the investigator were not able to find a mutual schedule to plan a visit.  Data 
were collected by the first author during an on-site semi-structured interview, using a check list 
on all aspects relevant to biosecurity and health management and observations at the site of 
the breeder. The check list was developed based upon factors described in literature as well as 
aspects described in the current legislations. More specifically, information was collected on 
breeding adults, pregnant dams, litters (both self-bred and acquired), ill animals, the structure of 
the facility and the materials used, husbandry practices, medical treatments and breeding 
performance. The 544 questions (of which 142 were open questions) were pretested and further 
optimised based on a preliminary visit to three breeding facilities of different categories. Selling 
numbers, frequencies of cleaning or medical treatments were reported by the breeder and not 
on sanitary documents, although observations prevailed reported information when both were 
available. All data were collected confidentially and coded anonymously in a spreadsheet 
(Microsoft Excel 2011®). Recruitment and data collection were performed from January to 
September 2016.

3.3. Data processing and statistical analysis.

Before analysis, skewed continuous data (i.e., dams on site, puppies born yearly) were 
normalised by means of a log10 transformation. Comparison of the breeder categories with 
regard to size (dams on site, adults on site, annual litters, yearly number of puppies sold) and 
implemented biosecurity measures was performed by one-way Analysis of Variance (ANOVA) 
for continuous variables (e.g., frequency of cleaning, number of animals) and Generalized Linear 
models were fitted to perform Binary Logistic regression for binomial variables (e.g., staff 
employment, disinfection). Pairwise comparisons of the data for each breeder categories with 
correction for multiple comparisons were performed respectively by Tukey post-hoc analysis for 
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continuous variables and by a generalised linear model with Šidák correction for binomial data. 
We provided the effect size as Eta Squared (η2) and, the F-Value (F), degrees of freedom (dF) 
the statistical significance (corrected P-value) when possible for each continuous variable and 
we provided the effect size as mean difference (MD), corrected P-Value and Confidence Interval 
(CI) for each binomial variable. Significance level was set to 5%. All statistical analyses were 
done with SPSS Statistics v24 (IBM). 

4. RESULTS

4.1. Breeder categories

Data were obtained from 102 Belgian dog breeders. Table 4.1 lists the distribution for each 
breeder category.

*Number of breeders (n) registered in Belgium on 2015-11-30

Because 17.6% and 2.0% of the sampled breeders had more, respectively fewer dams on-site 
than was to be expected based on their accreditation and 10.8% produced more litters yearly, 
a great overlap was found between the Belgian categories. Therefore, it was decided to 
categorise the dog breeders into four categories (A, B, C, and D) based upon the number of 
Table 4.1: Sampled dog breeder categories A to D compared to Belgian classification.
Dog breeders 
(category)
Small-scale breeders Large-scale breeders Total of Breeders*
Occasional 
breeders
Occupational 
breeders
Commercial 
breeders Merchants
Occasional Breeder 14 2 0 0 unknown
Small Hobby 
Breeder 11 4 0 0 792
Large Hobby 
Breeder 7 8 0 0 82
Small Professional 
Breeder 4 11 0 0 33
Large Professional 
Breeder 2 11 2 0 116
Small Breeder-
Merchant 4 5 0 4 47
Large Breeder-
Merchant 0 4 5 4 37
Total of breeders 
visited 42 45 7 8
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dams observed on site and the number of puppies reported to be sold per year instead of what 
they had once declared when filling in the accreditation forms for the government. A detailed 
description of our alternative dog breeder classification can be found in chapter 3. Table 4.2 
depicts a comparison of the different breeder categories regarding the category defining 
variables (i.e., the observed number of dams on site and number of puppies sold per year as 
reported by the breeder).

a-c Index indicates a significant difference (P<0.05) between the means/percentages 

4.2. General management at the different breeder categories

Of all breeders, 46.9% consisted of a family environment where under-aged children (<16 years) 
were involved in the daily husbandry practices. Adult breeding animals were mainly kept in 
pairs or in groups (94.8%), leaving individual housing less common among breeders. On 
average, pregnant females were isolated after 7.2 (standard deviation (SD) 1.1) weeks of 
pregnancy; no significant differences between breeder categories were found. Table 4.3 depicts 
a comparison of the different breeder categories regarding staff employment and additional 
size-related variables (i.e., the observed number of adult male dogs on site and the number of 
puppies born as reported by the breeder).

Table 4.2: Number of animals (dams or puppies) at the different categories of breeders. 
Small-scale Large-scale
Occasional Occupational Commercial Merchant
DAMS ON-SITE
Average number of dams 
on site (SD) 5.1
a (2.5) 17.5b (8.7) 101.4c (51.1) 17.1b (17.3)
Median 5.0 16.0 87.0 9.0
Dams on site [min; max] [1; 9] [10; 34] [56; 180] [1; 47]
PUPPIES SOLD IN 2015
Average number of puppies sold  
in 2015 (SD) 7.2
a (6.1) 24.6b (28.1) 480.0c (403.5) 1092.9
c 
(638.0)
Median 7.0 29.0 550.0 800.0
Puppies sold  
in 2015  
[min; max]
[0; 21] [0; 100] [0; 1000] [500; 2000]
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a-c Index indicates a significant difference (P<0.05) between the means/percentage

4.3. External biosecurity measures at the different breeder types

A comparison of the different breeder categories regarding external biosecurity measures is 
depicted in tables 4.4 and 4.5. On average, breeders renewed 11.4% of the adult dogs 
annually. Limiting the acquisition of breeding dogs to only one supplier was recorded for 5.9% 
of breeders. More large-scale breeders quarantined (i.e., isolated for at least 48hours) newly 
acquired breeding dogs compared to small-scale breeders (MD=0.7; P<0.01; CI=0.5, 0.9), but 
all dog merchants reported to quarantine acquired puppies for at least 5 days (as legally 
defined) unless decided otherwise by the contracting veterinarian. Of all the breeders that 
declared to quarantine newly acquired dogs (n=25 of 102), adequate quarantine procedures 
(i.e., providing complete segregation in a dedicated room) were observed on-site in 72.0%. 
Only one breeder declared to quarantine dogs after exhibitions. Pest prevention (i.e., control of 
rodents, wildlife and birds) was found to be higher for commercial breeders compared to 
occasional breeders (MD=0.7; P<0.01; CI=0.3, 1.1) and occupational breeders (MD=0.6; 
P<0.01; CI= 0.2, 1.0). 

Movements of dogs were defined by the number of times that a breeder declares to take his 
dog or her dog out of the facility (outward) in order to have contact with stranger dogs, or to 
accept stranger dogs into the breeding facility (inwards). Both inward (i.e., for boarding or 
mating) and outward (i.e., going to exhibitions, external mating) movements of dogs in general 
were requested for each breeding facility, as declared by the breeder. Movements of short 
Table 4.3: Management at the different breeder categories.
Small-scale Large-scale
Occasional Occupational Commercial Merchant
Percentage of 
breeders to employ 
staff (%)
12.2a 14.3a 85.7b 85.7b
Average number of 
males on site (SD) 2.7
a (2.0) 6.8b (5.4) 16.2c (3.8) 4.9a,b (4.1)
Average number of 
litters born in 2015 
(SD)
2.5a (2.4) 8.0a (3.8) 126.0b (76.4) 10.7a (8.2)
Average number of 
puppies born in 2015 
(SD)
11.7a (12.5) 54.5a (55.2) 532.2b (307.3) 120.0a (72.6)
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durations or in the immediate neighbourhood of the facility (i.e., going for a walk) were not 
considered. 

An association was found between breeder type and the inward movements of strange dogs 
(F3,98=5.6; P<0.01; η2=0.15). Commercial breeders were found to accept dogs from external 
sources significantly more often than occasional breeders (MD=45.3; P<0.01; CI=15.8, 74.7), 
occupational breeders (MD=44.9; P<0.01; CI=15.6, 74.1) and than dog merchants (MD=41.3; 
P=0.02; CI=4.0, 78.6). No complete segregation of incoming strange dogs was recorded in 25 
out of 36 breeders that declared to accept strange dogs. For these cases, we recorded shared 
rooms/outdoors, shared staff or shared equipment (i.e., without any sanitary measure in-
between), and sometimes no segregation at all. While 33.3% of all breeders declared to 
perform outward movements with their dogs, an association was found between breeder type 
and outward movements (F1,100=6.4; P=0.01; η2=0.06). Small-scale breeders exposed their 
dogs significantly more (MD=8.0; P=0.01; CI=1.9, 14.2) to external contacts by outward 
movements than large-scale breeders. Overall, 2.0% of the visited breeders reported to limit the 
contact through mating by applying artificial insemination. 

Non-regulated access of visitors to the maternity ward was significantly higher at small-scale 
breeders: occasional breeders regulated less access compared to commercial breeders 
(MD=0.5; P<0.01; CI=-0.8, -0.2) and merchants (MD=0.5; P<0.01; CI=-0.2, 0.8) and 
occupational breeders regulated less access compared to commercial breeders (MD=-0.6; 
P<0.01; CI=-0.9, -0.2) and merchants (MD=0.5; P=0.02; CI=0.1, 0.9). Non-regulated access of 
visitors to the nursery was also significantly higher at small-scale breeders compared to 
merchants: merchants regulated more access compared to occasional breeders (MD=0.4; 
P<0.01; CI=0.2, 0.6) and occupational breeders (MD=0.2; P=0.02; CI=0.0, 0.4).  
Two percent of the visited breeders applied hygienic measures for vehicles (e.g., cleaning and 
disinfecting before entering or after leaving the facility, or restricting access to a dedicated path: 
a “dirty road”). Four breeders were familiar with the concept of clean and dirty road and all-in/
all-out management; however, none of them applied the measures.
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a-c Index indicates a significant difference (P<0.05) between the means/percentages

a-b Index indicates a significant difference (P<0.05) between the means/percentages

4.4. Internal biosecurity measures at the different breeder categories

Table 4.6, 4.7 and 4.8 depict a comparison of the breeder categories regarding internal 
biosecurity measures across the breeding facility. Visitation of the various infrastructures 
revealed a heterogeneity in the housing of dogs, ranging from private houses, garden sheds, 
outdoor kennels, old livestock stables, outdoor pens and more traditional pet-store setups with 
glass walls. No significant differences were found in the choice of flooring (e.g., grass, concrete, 
gravel, etc.) for the outdoor areas. 

Table 4.4: External biosecurity measures applied by the different breeder categories.
Small-scale Large-scale
Occasional Occupational Commercial Merchant
GENERAL WIDELY APPLIED BIOSECURITY MEASURES (PERCENTAGE)
Quarantine for acquired 
breeding dogs present 2.7%
a 25.0%b 100.0%c 71.4%c
Pest control reported 17.1%a 24.4%a 85.7%b 50.0%a,b
Table 4.5: External biosecurity measures applied by the different breeder categories.
Small-scale Large-scale
Occasional Occupational Commercial Merchant
TRAFFIC OF ANIMALS TO OR FROM A BREEDING FACILITY
Average number of adults 
acquired last 5 years (SD) 4.3
a (3.7) 11.1a (8.6)a 77.9b (88.4) 32.0a (27.9)
Acquired dogs yearly / adult 
dogs on site 0.1
a (0.1) 0.1a (0.06) 0.04a (0.01) 0.3a (0.02)
Average number of yearly 
outgoing movements 9.7
a (13.3) 7.0a (9.9) 0.6a (1.5) 1.0a (2.7)
Average number of yearly 
incoming movements 0.4
a (0.8) 0.9a (1.9) 45.7b (112.2) 5.0a (11.2)
Non-regulated access to 
adult dogs (% of access) 9.5
a 9.2a 14.3a 14.3a
Non-regulated access to 
maternity ward (% of 
access)
21.5a 11.1a 0.0b 0.0b
Non-regulated access to 
nursery (% of access) 35.7
a 15.6a 14.3a,b 0.0b
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All visited breeders applied the following physical compartmentalisation at their facility: adult 
dogs (for breeding males and females that are not yet isolated if pregnant or not kept with 
puppies anymore, table 4.6), maternity ward (when pregnant dams are separated from the 
adults for whelping and stay there with puppies until weaning, table 4.7) and nursery (only for 
puppies that are not sold yet, table 4.8). The presence of a sick-bay, allowing the segregation of 
diseased animals, was mainly observed in large-scale breeders: a sick bay was observed more 
often at commercial breeders compared to occasional breeders (MD=0.7; P<0.01; CI=0.2, 1.1) 
and occupational breeders (MD=0.7; P< 0.01; CI=0.2, 1.1) and more often at merchants 
compared to occasional breeders (MD= 0.5; P=0.05; CI=0.0, 1.0). Retired dogs (dogs without a 
breeding purpose, i.e., retired dams and sires) were kept by 47.1% of all breeders. All 
commercial breeders declared to keep retired dogs. Additional compartmentalisations recorded 
were: a quarantine area (observed in 18.0% of all breeders) and a showroom (observed in 
13.7% of all breeders). In a showroom, breeders can present the pups that are born on-site or, 
in the case of merchants, originate from other breeders to potential owners. No facility included 
a hygiene lock, a separate room for applying hygienic measures such as changing clothes and 
footwear before entering a compartment of the animal facilities.

The presence of porous materials (i.e., uncoated softwood and hardboard, natural stone, 
unsealed concrete, soil) was assessed in each compartment, and also for the whelping box (a 
confined space where the dam is kept during whelping and nursing). Porous materials were 
least the most used by occasional breeders in the compartment of the adult dogs compared to 
merchants (MD=0.2; P=0.05; CI=0.0, 0.5) and in the nursery compared to commercial breeders 
(MD=0.3; P=0.05; CI=0.0, 0.5). 

Overall, ventilation and humidity were mechanically regulated in 12.5% and 3.9% of the 
breeding facilities respectively. With regard to cleaning of the facility (i.e., removing waste and 
medium) both dry cleaning, on average 20.6 times a week (SD 11.0), and wet cleaning on 
average 6.6 (SD 4.8) times a week, were applied broadly across all breeder categories. With 
regard to disinfection (i.e., killing most of pathogens) 31.4% of all breeders applied disinfection 
preceded by cleaning regularly in the maternity ward and in the nursery. Disinfection across all 
compartments was applied most by commercial breeders and merchants. Commercial 
breeders declared more often to perform disinfection at the adult dogs compared to occasional 
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breeders (MD=0.5; P=0.02; CI=0.1, 1.0) and in the nursery compared to occasional (MD=0.7; 
P<0.01; CI=0.3, 1.1) and occupational breeders (MD=0.6; P<0.01; CI=0.2, 1.0). Merchants 
declared more often to perform disinfection more often than occasional breeders and 
occupational breeders at the adult dogs (MD=0.7; P<0.01; CI=0.4, 1.1 and MD=0.6; P<0.01; 
CI=0.2, 0.9 respectively), at the maternity ward (MD=0.7; P<0.01; CI=0.3, 1.1 and MD=0.6; 
P<0.01; CI=0.2, 1.0 respectively) and at the nursery (MD=0.7; P<0.01; CI=0.4, 1.1 and MD=0.6; 
P<0.01; CI=0.2, 0.9 respectively).

While investigating the disinfectants used, 19 breeders stated that they were not confident with 
their choice or would like guidelines or a course to gain knowledge. The main reasons given to 
choose a disinfectant were: previous experiences, recommended by another breeder, or readily 
accessible (i.e., sodium hypochlorite solution). No significant differences between type of 
breeders were found in providing outside access to adult dogs, although differences appeared 
when considering if outdoor access was free or on the opposite regulated by the caretaker 
(e.g., only fixed hours every day or specific days of the week). 

a-c Index indicates a significant difference (P<0.05) between the means/percentages 
Table 4.6: Internal biosecurity measures applied by the different dog breeder categories.
Small-scale Large-scale
Occasional Occupational Commercial Merchant
PRESENCE OF OTHER DOGS ON SITE (PERCENTAGE)
Presence of retired dogs 50.0a 46.7a 100.0b 37.5a
Segregation of diseased 
animals 19.0
a 25.6a 100.0b 87.5b
APPLICATION OF INTERNAL BIOSECURITY MEASURES AT ADULT DOGS 
(PERCENTAGE)
Porous materials absent 19.0a 27.3a,b 28.6a,b 62.5b
Temperature control present 77.5a 50.0b 42.9a,b,c 28.6c
Ventilation control present 12.2a 2.4a 14.3a 14.3a
Disinfection monthly 17.1a 28.9a 71.4b 87.5b
Regulated access to outside 2.4a 15.6b 28.6a,b 0.00a
Outdoors cleanable 17.1a 15.8a 60.0a,b 62.5b
WEEKLY AVERAGE OF CLEANING AT ADULT DOGS
Dry cleaning weekly (SD) 6.1a (3.5) 6.9a (4.1) 4.3a (2.0) 5.7a (2.2)
Wet cleaning weekly (SD) 2.0a (1.6) 2.4a (1.9) 1.2a (0.6) 2.7a (2.0)
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a-b Index indicates a significant difference (P<0.05) between the means/percentages

a-c Index indicates a significant difference (P<0.05) between the means/percentages

Table 4.9 lists the reported hygienic measures for each breeder category applied at the different 
compartments (the adult dogs, the maternity ward and the nursery). Systematically applied 
hygienic measures included measures that the breeders declared to always perform, such as 
Table 4.7: Internal biosecurity measures applied by the different dog breeder categories.
Small-scale Large-scale
Occasional Occupational Commercial Merchant
APPLICATION OF INTERNAL BIOSECURITY MEASURES AT MATERNITY WARD 
(PERCENTAGE)
Porous materials  absent 40.5a 53.3a 71.4a 62.5a
Whelping box non-porous 39.4a 37.1a 66.7a 28.6a
Temperature control present 92.5a 59.5b 57.1a,b 50.0b
Ventilation control present 15.4a 0.0b 14.3a,b 12.5a,b
Disinfection when empty 20.0a 31.0a 57.1a,b 87.5b
Regulated access to outside 12.2a 15.6a 71.4b 62.5b
Outdoors cleanable 16.7a 21.1a 100.0b 33.3a
WEEKLY AVERAGE OF CLEANING AT MATERNITY WARD
Dry cleaning weekly (SD) 6.6a (4.4) 5.9a (4.2) 5.6a (2.4) 4.4a (2.2)
Wet cleaning weekly (SD) 2.1a (1.9) 2.2a (1.8) 1.3a (0.5) 2.4a (2.2)
Table 4.8: Internal biosecurity measures applied by the different dog breeder categories.
Small-scale Large-scale
Occasional Occupational Commercial Merchant
APPLICATION OF INTERNAL BIOSECURITY MEASURES AT NURSERY (PERCENTAGE)
Separate room 17.5a 80.0b 100.0c 100.0c
Porous materials absent 33.3a 53.3a,b 71.4b 62.5a,b
Temperature control 90.5a 64.4b 42.9a,b,c 25.0c
Ventilation control 11.9a 2.2a 14.3a 12.5a
Disinfection when empty 14.3a 28.9a 14.3b 12.5b
Regulated access to outside 9.5a 15.6a 66.7b 71.4b
Outdoors cleanable 12.5a 20.5a 100.0b 40.0a
WEEKLY AVERAGE OF CLEANING AT NURSERY
Dry cleaning weekly (SD) 9.9a (8.1) 7.7a (5.8) 6.1a (1.9) 6.3a (1.9)
Wet cleaning weekly (SD) 2.4a (2.0) 2.4a (2.1) 1.5a (0.7) 2.6a (2.1)
 110
CHAPTER 4
hand hygiene (i.e., washing hands, wearing gloves), footwear hygiene (i.e., cleaning shoes, 
wearing boot covers, using dedicated shoes), and the wear of dedicated clothing (wearing 
clothes specific to a compartment or wearing a disposable coverall).

Over all compartments, most hygienic measures were applied by large-scale breeders. 
Compared to small-scale breeders they reported to apply hygienic measures more often at the 
maternity ward (MD=0.4; P<0.01; CI=0.1, 0.7) and the nursery (MD=0.3; P=0.04; CI=0.0, 0.5) 
and had a tendency to apply hygienic measures more often at the adult dogs (MD=0.2; P=0.08; 
CI=0.0, 0.5). The use of porous materials was associated with the absence of systematically 
applied hygienic measures at the maternity ward (MD=0.3; P<0.01; CI=0.1, 0.4) and there was a 
tendency at the nursery (MD=0.1; P=0.1; CI=0.0, 0.2). The type of hygienic measures applied 
was not significantly different between breeder categories. The use of porous materials was 
also associated with the absence of disinfection at the maternity ward (MD=0.2; P=0.02; CI= 
0.0, 0.4) and at the nursery (MD=0.4; P<0.01; CI=0.2, 0.5) and there was a tendency at the adult 
dogs (MD=0.2; P=0.06; CI=0.0, 0.4).

a-b Index indicates a significant difference (P<0.05) between the percentages

Table 4.9: Systematic application of hygienic measures according to breeder category.
Small-scale Large-scale
APPLICATION OF HYGIENIC MEASURES AT ADULT DOGS (PERCENTAGE OF 
BREEDERS)
Yes 12.3a 35.7a
Of which: hand hygiene 60.2a 0.0a
hand and footwear hygiene 39.8a 80.1a
hand and footwear hygiene and dedicated clothing 0.0a 19.9a
APPLICATION OF HYGIENIC MEASURES AT MATERINITY (PERCENTAGE OF BREEDERS)
Yes 20.7a 60.0b
Of which: hand hygiene 27.5a 33.3a
hand and footwear hygiene 60.9a 44.5a
hand and footwear hygiene and dedicated clothing 11.1a 22.2a
APPLICATION OF HYGIENIC MEASURES AT NURSERY (PERCENTAGE OF BREEDERS)
Yes 8.0a 33.3b
Of which: hand hygiene 57.5a 20.1a
hand and footwear hygiene 42.5a 40.0a
hand and footwear hygiene and dedicated clothing 0.0a 40.0a
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4.5. Medical treatments at the different breeder categories

Prophylactic treatments such as vaccination and endoparasite control were widely adopted 
across all categories (Table 4.10). Out of all sampled breeders, 13.8% responded that they 
systematically administered antimicrobials to females after parturition (in the maternity ward) 
and 10.3% of them responded that they systematically administered antimicrobials to all their 
puppies, or at least to puppies of one breed (in the nursery). Of all the identified types of 
antimicrobials in the maternity ward (for females after parturition) (n=10), the most commonly 
used were amoxicilin-clavulinic acid (n=6), followed by trimethoprim-sulphonamid (n=2) and 
amoxicillin (n=2). Of all the identified types of antimicrobials in the nursery (for puppies) (n=8), 
the most commonly used are metronidazole-spiramycin (n=6), erythromycin (n=1), and 
amoxicillin-clavulanic acid (n=1). The metronidazole-spiramycin formulation (Stomorgyl®, 
Merial) was systematically administered (the breeder declared to always treat) in response to 
intermittent intestinal signs. Underlying giardiasis was assumed based on similarities with 
previous outbreaks, but was not individually tested through microscopic examination or 
laboratory findings.

a-b Index indicates a significant difference (P<0.05) between the means/percentage

Table 4.10: Preventive medical treatment as reported by dog breeders.
Small-scale Large-scale
Occasional Occupational Commercial Merchant
MEDICAL TREATMENTS (PERCENTAGE OF BREEDERS)
Vaccination adult dogs 85.4a 92.7a,b 100.0b 100.0b
Vaccination puppies 95.2a 100.0a 100.0a 100.0a
Endoparasite control of adult dogs 85.4a 95.1a,b 100.0b 100.0b
Endoparasite control of puppies 95.2a 100.0a 100.0a 100.0a
Systematic antimicrobial treatment 
of adult dogs 0.0
a 0.0a 0.0a 0.0a
Systematic antimicrobial treatment 
in maternity ward (dams) 4.8
a 24.4b 14.3a,b 12.5a,b
Systematic antimicrobial treatment 
in nursery (puppies) 4.9
a,b 9.5a 14.3a,b 0.0b
Ectoparasitic treatment of adult 
dogs 41.5
a 48.8a 28.6a 28.6a
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5. DISCUSSION

To the best of our knowledge, this is the first study investigating the facility management, the 
applied biosecurity measures and the prophylactic protocols in different categories of dog 
breeding facilities. 

Stratified sampling provided an overview of all breeder categories. Although selection bias in 
our study was limited by random sampling of the accredited breeders, it remains noteworthy 
that participation was based on willingness to collaborate. Because of the acceptable response 
rate of breeders and the main reasons given not to participate, a limited enrollment bias is 
expected. Not all data could be verified on-site, for example how often a breeder provides 
outdoor access, the cleaning frequency or the systemic administration of therapeutics. Also, 
the applied biosecurity measures were not put into relation to the disease incidence or 
mortality, and more research including measuring these parameters would enable some more 
firm conclusions to be reached. Nonetheless, we believe that the collected information provides 
a good insight into the level of application of biosecurity measures in the different dog breeder 
categories. A general approach was chosen in order to assess all factors possibly influencing 
the biosecurity in dog breeding facilities without compromising time and financial limitations. 
More in-depth research of specific measures would be deemed profitable.

Considering the fact that larger breeding facilities are more likely to face disease outbreaks 
(Schumaker et al., 2012; Zicola et al., 2012), consistent and correct implementation of 
biosecurity measures should be a fundamental element of large-scale breeder management. 
More external interaction and sources result in a higher risk of introduction of pathogens. For 
instance, acquisition of new animals can result in the introduction of pathogens into the 
breeding facility (Villarroel et al., 2007). The interview with the breeders revealed anecdotal 
reports of a “20% renewing rule”, meaning that a breeder replaces 20% of breeding dogs every 
year. While a handful of breeders stuck to this empirical rule, lower figures were reported for 
most breeder categories. 

Historically, quarantine has been an effective method to limit the introduction of diseases in a 
confined area by performing the segregation of animals (Gensini et al., 2004). The importance of 
quarantine in canine facilities has also been recognised by several authors (ESCCAP, 2010b; 
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Hubrecht et al., 1992; Loveridge, 1998; Simmons and Hoffman, 2016). Quarantine limits the 
introduction of disease through direct transmission; however, indirect transmission should not 
be overlooked. Visitors, rodents, birds, wildlife, vehicles, food and water are, in analogy to other 
species (Gelaude et al., 2014; Laanen et al., 2013), potential canine disease transmitters 
(Crawford et al., 2005; Dobler and Pfeffer, 2011; LeJeune and Hancock, 2001; Song et al., 
2008; Umhang et al., 2014). In this study, implementation of quarantine, a compulsory measure 
for all merchants when gathering and selling dogs of different origins, was significantly higher in 
large-scale breeders. The legislative minimum duration of quarantine of five days, however, 
does not cover the incubation period for several important pathogens such as Bordetella 
bronchiseptica and Canine Parainfluenzavirus (CPIV) (4-6 days), or CPV (3-7 days), Canine 
Infectious Hepatitis (CIH) (4-9 days), and Canine Herpesvirus (CHV) (6-10 days) (Decaro et al., 
2008; Lamm and Rezabek, 2008; Miranda and Thompson, 2016; Thrusfield et al., 1991). 
Arguably, it would be better to implement quarantine for a minimum duration of the longest 
incubation period of the most common pathogen, resulting in a minimal advised duration of 10 
days. However, when it concerns young dogs, the psychological well-being and socialisation of 
the animal might be compromised during the segregation, and should be taken into account.

This study showed that the inward movements (i.e., purchase, exchange, and boarding) of 
puppies and adult dogs is a common practice at most dog breeders. Additionally, the number 
of breeders that reported to board external dogs (i.e., for mating purposes or as a boarding 
service) was surprisingly high. Since boarding kennels are a challenging environment for 
biocontainment (Buonavoglia and Martella, 2007; Ronsse et al., 2002), these circumstances 
could facilitate the spread of pathogens to the breeding facility and should therefore always be 
avoided, especially by commercial breeders.

The number of outward movements of dogs was reasonably high in the breeder sample, with 
some occasional breeders having over 40 outward movements per year for one or more dogs. 
These numbers were partly caused by external mating (33.3% of all breeders), and were also 
expected to be relatively high since the importance of increasing the genetic diversity in 
bloodlines by outbreeding has been established (Leroy, 2011). A second explanation is the large 
number of exhibitions that dogs are required to participate in order to be allowed in the book of 
origins. High rates of outward movement, however, should be considered a risk for pathogen 
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transmission, especially during canine exhibitions, since a large number of dogs and visitors 
from different origins are gathered. Outbreaks in canine exhibitions have been reported (Primm, 
2017), resulting from both direct transmission through the dogs as well as indirect transmission 
through visitors, who often share intense contact with other canine populations (Bender et al., 
2004; Grgič-Vitek et al., 2015).

Prevention of disease can be further achieved through cleaning and disinfection. Physical 
cleaning (dry and wet) is the removal of waste and organic materials. Cleaning does not kill 
pathogens but removes most of the medium. Disinfection is the process of reducing the 
number of pathogens (Gilman, 2004). Protocols including dry and wet cleaning were largely 
implemented, especially the regular removal of organic material; however, improvements can be 
made considering disinfection. In small-scale breeders, the use and knowledge of disinfection 
were relatively moderate. The choice of disinfectant products and their application was based 
on habits or empirical knowledge. Since disinfection is the keystone for control of 
environmentally resistant pathogens (Fiechter et al., 2012), improvement in the education of dog 
breeders and implementation of category-adjusted hygiene guidelines could increase the 
awareness and application of disinfection across all dog breeder categories. 

The periparturient period has been proven as the period with the highest risk of morbidity and 
mortality for puppies and dams, and particular hygiene should be introduced when isolating the 
dams and during the first weeks of the puppies’ lives (Evermann and Wills, 2011; Lloyd et al., 
1983). Although measures are more often applied in large-scale breeders, a substantial number 
of breeders across all categories could improve the periparturient hygiene. The relatively 
frequent use of porous materials in the maternity ward (in particular for the whelping box) 
reveals an absence of knowledge in the cleaning and disinfection of surfaces rather than an 
absence of awareness in the importance of it. Porous materials were least used in the maternity 
ward by the dog breeders who applied most hygienic measures in the maternity ward and 
performed disinfection more frequently. This may suggest that breeders who are more aware of 
biosecurity are also better informed about the choice of surfaces.

The data recorded on antimicrobial use are in agreement with earlier reports of misuse of 
antimicrobials in Italian canine breeding facilities (Rota et al., 2013, 2011). Moreover, these data 
might well be an underestimate as they are based on self-reporting and no official registration 
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exists. Resistance to broader spectrum antimicrobials (i.e., amoxicillin-clavulanic acid) in 
Escherichia coli (E. coli) isolates (Normand et al., 2000) is a phenomenon that could be partially 
explained by excessive and incorrect implementation of this drug. This is worrying since 
shedding of E. coli by the pregnant bitch increases during the periparturient period (Evermann 
and Wills, 2011) and has been reported as the most frequent isolate in postpartum mortality of 
puppies (Meloni et al., 2014; Nielen et al., 1998).

This study supports the suspicion that systemic administration of antimicrobials is regularly 
based on assumptions, earlier experiences, or empirical knowledge, rather than on clinical 
diagnoses. 

6. CONCLUSION

Data collected during this study demonstrated that large-scale breeders are associated with a 
higher implementation of biosecurity measures. However, substantial improvements of internal 
and external biosecurity measures are desirable in all categories. To be efficacious and feasible, 
these measures should be tailored to the different categories of breeders. The characterisation 
of the different types of dog breeders and their biosecurity and management practices in this 
study are a first step towards tailored recommendations, but the relative paucity in scientific 
literature calls for more research in the field of management of canine facilities, with the 
emphasis on prevention of introduction and spread of disease, while taking into account 
behavioural development and wellbeing of breeding stock puppies to be sold. 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1. ABSTRACT

This study examined differences in spontaneous behaviour and behavioural responses in 
puppies at different categories of breeders. 107 puppies from 23 litters were observed in 
their pens one week before homing, at the mean age of 9.4 weeks (SD 2.9). Behaviour was 
scored in three contexts: for 5 minutes in response to a novel object, for 10 minutes without 
any disturbance (spontaneous behaviour) and for 1 minute following an approach by a 
stranger. The breeder categories were a re-classification of the categories originally defined 
in Belgian legislation: occasional breeder (<10 dams on site; n=4), occupational breeder (10 
to 50 dams on site; n=3), commercial breeder (>50 dams on site; n=3), and dog merchant 
(≤50 dams but selling >350 puppies/year; n=3).

Puppies from commercial breeders showed more exploration activity compared to puppies 
from breeders of other categories in all contexts. These puppies also spent proportionally 
more time investigating the novel object compared to puppies from merchants and had 
more interactions with littermates during the novel object disturbance. No differences in the 
frequency of behaviours indicative of stress signals in any of the contexts could be identified 
between breeders. 

Our study provides an indication that puppies from the participating commercial breeders 
(but not dog merchants) could have a more proactive coping style compared to those from 
other breeder types.  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2. INTRODUCTION

‘A man’s best friend’ is a phrase that has been used for centuries to describe the popularity 
and versatility of dogs and the potential relationship between dog and owner. Originally, 
dogs fulfilled various tasks such as herding, guarding or hunting (Turcsán et al., 2011). In 
Victorian era, a shift occurred towards custom-breeding for phenotypes (vonHoldt et al., 
2010), eventually leading to a breed standard. The current standards refer to purpose-
specific physical traits, movement, and temperament (AKC, 2019). Dogs of modern times, 
however, are mainly kept for companionship and represent to their owners a member of the 
family, a friend to play or share activities with, a source of security or social support, as well 
as an object of care (Dotson and Hyatt, 2008; O’Connor et al., 2016). In western countries, 
at least 20% of all households keep at least one dog (AVMA, 2012; HAS Kennistransfer & 
Bedrijfsopleidingen, 2015; STATBEL, 2010). The dog owners’ expectation of their dog’s 
behaviour varies according to their lifestyle or previous experience (O’Connor et al., 2016). 
Unmet expectations such as inappropriate behaviour are the main cause of shelter 
relinquishment (Collisson, 2015; Diesel et al., 2010; Weng et al., 2006). Therefore, breeding 
practices must also be directed towards providing an emotionally balanced and 
behaviourally adaptive pet dog (King et al., 2012).

Behavioural development is affected by pre- and postnatal influences. In all mammals, it 
starts as early as mate choice (Lindberg et al., 2005), where the genome (Lindblad-Toh et al., 
2005) draws the outline for an individual’s behaviour (reviewed by van Rooy et al., 2014). 
Stressful experiences by the dam may transfer to the developing puppies, thereby curtailing 
offspring’s maturation (Austin et al., 2005; Czerwinski et al., 2016). High cortisol-levels in the 
dam can alter the expression of the genome of the foetus, increasing the hypothalamic–
pituitary–adrenal (HPA) axis activity (Zhang and Meaney, 2010). These epigenetic effects 
result in a disruption of normal behaviour when challenging situations are encountered later 
in life (Braastad, 1998). Repeated exposure of the dam to unpredictable stressful situations 
may also alter the expression of maternal behaviour after birth (Bosch and Neumann, 2012; 
Neumann et al., 2005), impacting growth and stress-response of the puppies. Good 
maternal care has immediate impact on endocrine function of offspring, as it stimulates 
growth and dampens HPA axis activity (reviewed by Meaney, 2001).
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Psycho-motor and cognitive capacities evolve gradually from foetus to adulthood and are 
under constant influence of the environment (Gómez, 2005; Piaget, 1977). Historically, 
canine behavioural ontogeny has been characterised by different stages, of which the 
neonatal (0-2 weeks) and sensitive period (3-14 weeks) occur during the time a puppy is 
with its mother, littermates, and in an environment shaped by the breeder (Overall, 2013; 
Scott and Fuller, 1965). 

The environment in which puppies are raised today varies greatly. The popularity of dogs 
created business opportunities for dog breeders, with an increase in scale and more 
international commercial trade as a result. Consequently, breeding facilities range from 
household environments that are enriched but vary according to circumstances, to 
industrialised settings within a less enriched (Dendoncker et al., 2019a) yet more controlled 
environment (Dendoncker et al., 2018). A controlled environment encompasses an 
application of biosecurity measures. However, the key principle of biosecurity is limiting 
social contact and complex environments (Dewulf and Van Immerseel, 2018). The execution 
of early socialisation and environmental learning tends to conflict with this principle (Stepita 
et al., 2013).

To which extent the variation in breeder environment influences the behavioural 
development of puppies is currently poorly documented. There is growing evidence that 
intensive dog breeding may be detrimental for dog breeding. As reviewed by McMillan 
(2017), much of this evidence is self-reported by owners (including the origin of the dog) and 
concerns adult dogs. As such, existing studies are faced with a number of difficulties. First, 
although gathering owner-declared behavioural information is broadly used in research 
(Diederich and Giffroy, 2006) and is useful to determine the perception of the owner and to 
evaluate risk-factors for an altered human-dog bond (Collisson, 2015; Duffy et al., 2014; 
Patronek et al., 1996; Salman et al., 2010), there are a few caveats to the method. Dog 
owners are mostly unaware of their puppy´s breeder category unless there is a reason to 
investigate the source. Classifying dog breeders by owner-declaration only will result in 
selection bias. Next, self-reporting is subject to response category cut-point shift 
(Lindeboom and van Doorslaer, 2004), implying that relation of owner-reported traits to an 
objective behavioural assessment may differ by owner-dependent factors (Dowd and 
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Zajacova, 2010). How owners perceive the behaviour of their dog is influenced by gender 
and age of the owner (Casey et al., 2014; Jacobs et al., 2017; Marinelli et al., 2007), by 
previous dog experience (Svartberg, 2002), the duration of ownership (Kubinyi et al., 2009), 
by socioeconomic status (Patronek et al., 1996), and the quality of dog-owner bond 
(reviewed by Payne et al., 2015). Second, gathering information about adult dogs to 
compare different breeders will introduce confounders because socialisation and 
environmental learning continue to affect behavioural development after homing. In this 
respect, it is known that people who buy a puppy from registered small-scale breeders (i.e., 
kennel club breeders) invest significantly more time and money when acquiring a puppy 
compared to buyers of other breeder types (Dendoncker et al., 2019a). This trend seems to 
continue in further investments, such as more awareness of problematic behaviour, more 
training courses and daily walks (Pirrone et al., 2016), but also more previous experience, 
and use of better training techniques were observed (Blackwell et al., 2008). Therefore, by 
assessing behaviour at adult age, we not only measure the differences attributable to the 
breeder but also differences related to ownership and the associated context in which the 
puppy was raised. 

A more constructive approach appears the assessment of differences in behaviour through 
systematic observations (Tami and Gallagher, 2009). Similar to children (Ainsworth, 1969; 
Fox and Stelzner, 1966), the locomotion, level of activity and exploratory behaviour of dogs, 
referred to as exploration activity (Fox and Spencer, 1969), and their response towards 
nonsocial and intraspecific (Previde et al., 2009) or interspecific social stimuli (Rooney et al., 
2000) have been described in working dogs as proxies for the future ability to function and 
adapt in human society (Asher et al., 2013; Koda, 2001; McGarrity et al., 2016). Additionally, 
a longitudinal study revealed that exploration activity in pet dogs was consistent between 
the puppy at six weeks in the breeding facility and the adult test at two years with their 
owner (Riemer et al., 2014). 

Research in other species has demonstrated that parallels exist between activity and the 
strategy applied by an animal to cope with a stressor (Koolhaas et al., 2010). Two coping 
styles, characterised by consistent behavioural and neuroendocrine characteristics, have 
been described: proactive and reactive. These coping styles are influenced by genetic as 
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well as non-genetic factors (Koolhaas et al., 1999). In humans, evidence exist that the 
exploratory behaviour is determinant of future behaviour: a higher neonate activity is 
correlated with openness to new experiences in children (Korner, 1971). Likewise, more 
exploration activity was observed in proactive great tits (Verbeek et al., 1994). Similar effects 
are expected in dogs. In female puppies for instance, lower activity was associated with 
shyness (Beaudet et al., 1994).

This study aimed to record behavioural differences between puppies raised at the different 
breeder categories to identify variability in spontaneous behaviour and behavioural 
responses as an indicator for the behavioural tendency and coping style. Additionally, this 
study permitted a comparison between the different categories of breeders without owner-
related confounders. 

3. MATERIALS AND METHODS

This study was subjected to EU regulation (Directive 2010/63/EU) and approval was sought 
from the Ethical Committee of the Faculty of Veterinary Medicine at Ghent University (EC 
2017/26).

3.1. Study design and subjects

This study is part of a multidisciplinary longitudinal study, conducted in Belgium, from March 
to June 2018. The first author visited 17 breeders approximately one week before expected 
homing of the puppies. Visits were planned at the convenience of the breeder, while aiming 
for approximately one hour after the daily cleaning, feeding and care routine. Breeders were 
selected by random stratified sampling. Strata were four previously identified categories: 
occasional breeders (less than 10 dams on site), occupational breeders (between 10 and 50 
dams on site), commercial breeders (over 50 dams on site), and dog merchants (50 or less 
dams on site and over 350 puppies sold yearly. In this manuscript, we also refer to 
occasional and occupational breeders as small-scale breeders and to professional breeders 
and dog merchants as large-scale breeders. The sampling frame consisted of 102 
previously described breeding facilities (Dendoncker et al., 2018, 2019a). Thirteen breeders 
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that had a litter available agreed to participate. When more than one litter was present at a 
breeding facility, randomisation was carried out to decide which litters to observe.

3.2. Experimental setup and data collection

Puppies reported by the breeder to be separated from the dam for at least 5 days, were 
observed in their home pen in three different contexts. First, the puppies were exposed to a 
novel object, which was a tripod with remote-controlled camera (Hero 4, GoPro, GoPro, 
Inc., San Mateo, California USA) that was installed in the pen for video recording. This part 
of the observation lasted 5 minutes (novel object disturbance), because dogs show an 
increase in activity the first minutes after installation of a camera (Lefebvre et al., 2010). 
Next, the puppies were observed for another 10 minutes (spontaneous behaviour recording). 
During the novel object test and the recording of spontaneous behaviour, no humans were 
present near the pen. Finally, the first author approached and entered the pen, and stood 
passively in the corner for 1 minute (stranger disturbance). The novel object was cleaned 
between experiments and only manipulated with gloves to minimise olfactory 
contamination.

Data collection was performed using focal animal sampling with continuous recording. A 
modified ethogram (table 5.1), was compiled (Titulaer et al., 2013; Wright, 1983) that 
consisted of events (behaviours of short duration, such as yawning or blinking the eyes) and 
states (behaviours of longer duration which can last minutes, such as sleeping or walking 
around). Behaviours were coded with The Observer XT10 (Noldus, The Netherlands) by one 
trained operator (Intra-observer reliability >0.9; inter-observer reliability with first author: 0.8), 
who was blinded to the breeder categories that the puppies belonged to.
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3.3. Statistical analysis

Data were analysed at puppy level. Events were expressed as frequency (occurrence per 
minute) while for states, the relative duration per behaviour was calculated with a correction 
for the time a puppy was out of sight. Raw data were processed and descriptive statistics 
carried out using MS Excel (Excel 2016, Microsoft). Hierarchical linear models were fitted by 
means of PROC MIXED analysis in SAS 9.4 (SAS Institute) to compare variables between 
breeder categories, while taking into account dependence between puppies in the same 
Table 5.1: Ethogram  (modified from Titulaer et al., 2013; Wright, 1983)
Behaviour Duration
Walking towards (environment, littermate, novel object, stranger) State
Walking away (environment, littermate, novel object, stranger) State
Standing still State
Standing on hind legs against (environment, littermate, novel object, 
stranger) State
Sitting State
Sleeping State
Lying down State
Lying on its back towards (littermate, novel object, stranger) State
Looking at (environment, littermate, novel object, stranger) Event
Sniffing at (environment, littermate, novel object, stranger) Event
Licking at (environment, littermate, novel object, stranger) Event
Giving paw to (littermate, novel object, stranger) Event
Turning head away from (littermate, novel object, stranger) Event
Turning body away from (littermate, novel object, stranger) Event
Low posture/ ears flat towards Event
Tongue flicking/ Lip licking (littermate, novel object, stranger) Event
Showing teeth (littermate, novel object, stranger) Event
Eating Event
Drinking Event
Yawning Event
Blinking Event
Scratching/ grooming Event
Aggression (biting at, snapping at) (littermate, stranger) State
Play (littermate, stranger) State
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litter. We also examined the effect of puppy age. As a result, breeder category and age were 
included in the model as fixed effects. When age was not significant, it was removed from 
the model. Litter ID nested within breeder ID was included as random effect. Post-hoc 
pairwise comparisons of least squares means between breeder categories were performed, 
using Tukey-Kramer to correct for multiple comparisons. 

When model residuals were not normally distributed, log10 transformation was applied and 
a new analysis performed. This was the case for: interaction with littermates (in the contexts 
of novel object disturbance and spontaneous behaviour), interaction with novel object (in the 
context of novel object disturbance) and number of social conflict signals (in the contexts of 
novel object disturbance, spontaneous behaviour and stranger disturbance). For all 
statistical tests, a confidential interval of 0.95 was retained and significance was set at a 
corrected P-value of 0.05.

Some behaviours occurred infrequently and resulted in variables with very low variation. The 
variables that were highly related to one another conceptually were combined to create new 
meaningful composite variables thereby permitting analysis. ”walking towards” and 
“standing on hind legs against” were grouped into “exploration activity”. “Sleeping”, 
“sitting”, “lying down” were grouped into ”passive”. Another new behaviour, “interactions”, 
was computed by pooling “looking at”, “sniffing at”, “licking at”, “giving paw to” and 
“playing with”. Finally, the most observed displacement signals and social stress signals 
(Shepherd, 2009), namely “low posture/ears flat towards”, “tongue flicking / lip licking”, and 
“showing teeth” were grouped into “stress signals”. Other less observed behaviours were 
discarded for analysis: “Walking away”, “Standing still”, “Lying on its back towards”, 
“Turning head away from”, “Turning body away from”, “Aggression (biting at, snapping 
at…)”, “Eats”, “Drinks”, “Yawns”, “Blinks” and “Scratching/grooming”.
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4. RESULTS 

We recorded the behaviour of 107 puppies from 13 different breeders. The distributions 
relative to the breeder category of the number of puppies, the number of litters and of 
puppy age are listed in table 5.2. Puppies from merchants were significantly older compared 
to puppies from other breeder categories (F3,103=17.1; P<0.01).

a-b Different indexes indicate a significant difference (P≤0.05) between breeder categories for 
the LSMEANS.

The mean relative durations for exploration activity and passive behaviour per breeder 
category are listed in table 5.3. There was a significant effect of breeder category for 
exploration activity in the contexts of the novel object disturbance (F3,84=6.4; P<0.01) and of 
the spontaneous behaviour recording (F3,84=5.3; P<0.01). There was also a trend in the 
stranger disturbance context (F3,84=2.5; P=0.06). Post-hoc analysis revealed that puppies 
from commercial breeders showed more exploration activity during the novel object 
disturbance compared to puppies from occasional breeders (t84=3.6; P<0.01), occupational 
breeders (t84=3.3; P<0.01), and merchants (t84=4.1; P<0.01). These puppies also showed 
more exploration activity in the spontaneous behaviour contexts compared to puppies from 
occasional breeders (t84=3.0; P=0.02), occupational breeders (t84=3.0; P=0.02), and 
merchants (t84=3.7; P<0.01). Finally, puppies from professional breeders performed more 
exploration activity than those of dog merchants in the stranger disturbance context 
(t84=2.7; P < 0.05). Age was significant in the context of stranger disturbance, and was 
included in the statistical model as fixed effect. The relative duration of exploration activity 
(i.e., mean response) increased with 5 units for every increase in age by 1 week during the 
Table 5.2: Mean age and distribution of puppies per breeder category
Small-scale breeders Large-scale breeders
Occasional 
breeder  
(n=4)
Occupational 
breeder 
(n=3)
Commercial 
breeder  
(n=3)
Merchant  
(n=3)
Number of puppies 
observed 19 31 24 33
Number of litters 
observed 4 6 6 7
Mean age in weeks (SD) 9.2a (2.5) 8.1a (1.8) 8a (0.0) 11.9b (3.5)
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stranger disturbance (F1,84=6.6; P=0.01). No significant differences in passive behaviour 
were found between breeder categories.

* Mean response increased with 5% for every increase in age by 1 week (F1,84=6.6; P=0.01).

a-b Different indexes indicate a significant difference (P≤0.05) between breeder categories for 
the LSMEANS.

The mean relative durations of interactions with environment and littermates in the contexts 
of novel object disturbance and spontaneous behaviour and per breeder category are listed 
in table 5.4. There was a significant effect of breeder category for interaction with littermates 
in the context of the novel object disturbance (F3,84=3.6; P=0.02). There was also a trend in 
the stranger disturbance context (F3,84=2.2; P=0.09). Post-hoc analysis revealed that 
puppies from commercial breeders performed more interaction with their littermates 
compared to puppies from merchants (t84=3.3; P<0.01) during the context of novel object 
disturbance and tended to interact much more (t84=2.5; P=0.07) during the context of 
spontaneous behaviour. 

Table 5.3: Mean relative duration (%) of exploration activity and passive behaviour by 
puppies (n = 107) in three contexts, per breeder category.
Small-scale breeders Large-scale breeders
Occasional 
breeder 
(n=4)
Occupational 
breeder 
(n=3)
Commercial 
breeder 
(n=3)
Merchant  
(n=3)
Mean relative duration in % (SD) of exploration activity
Novel object 4.7a (10.0) 9.6a (13.5) 39.2b (25.2) 4.0a (8.2)
Spontaneous 5.2a (7.8) 7.8a (7.3) 14.0a (19.1) 4.0a (7.5)
Stranger* 7.3a,b (22.1) 19.5a,b (22.4) 23.5a (40.8) 15.4b (22.7)
Mean relative duration % (SD) of passive behaviour
Novel object 69.8a (36.5) 80.9a (25.8) 44.5a (31.7) 79.7a (36.4)
Spontaneous 89.1a (32.7) 75.8a (19.4) 72.7a (33.8) 77.2a (38.0)
Stranger 63.7a (34.6) 67.1a (46.0) 47.4a (52.3) 57.3a (44.9)
 139
CHAPTER 5
a-b Different indexes indicate a significant difference (P≤0.05) between breeder categories for 
the LSMEANS.

The mean relative durations of interactive behaviours with novel object and stranger in their 
respective contexts per breeder category are listed in table 5.5. There was a significant 
effect of breeder category for interaction with novel object in the context of the novel object 
disturbance (F3,84=4.1; P<0.01). Post-hoc analysis revealed that puppies from commercial 
breeders performed more interactions with the novel object during the context of novel 
object disturbance slightly more compared to puppies from occupational breeders (t84=3.4; 
P<0.01) and compared to puppies from merchants (t84=2.7; P=0.05)

a-b Different indexes indicate a significant difference (P≤0.05) between breeder categories for 
the LSMEANS.

The mean frequency of stress signals expressed by puppies of each breeder category are 
listed in table 5.6. Overall, few stress signals were recorded, and no significant effect of 
breeder category was observed in the contexts of novel object disturbance (F3,84=0.2; 
Table 5.4: Mean relative duration (%) of interactive behaviours by puppies in contexts of 
novel object and spontaneous behaviour (n=107), per breeder category
Small-scale breeders Large-scale breeders
Occasional 
breeder 
(n=4)
Occupational 
breeder 
(n=3)
Commercial  
breeder 
(n=3)
Merchant  
(n=3)
Mean relative duration (%) of interaction with the environment
Novel object 23.5a (17.2) 27.2a (37.5) 45.9a (19.5) 15.0a (26.1)
Spontaneous 17.8a (29.3) 20.5a (24.2) 18,0a (16.7) 11.4a (15.3)
Mean relative duration (%) of interaction with littermates
Novel object 4.0a,b (8.5) 4.8a,b (14.8) 4.8a (5.8) 1.2b (3.3)
Spontaneous 3.0a (4.8) 4.3a (6.3) 6.2a (10.0) 2.6a (6.2)
Table 5.5: Mean relative duration (%) of interaction by puppies (n=107) with either the novel 
object or the stranger, per breeder category
Small-scale breeders Large-scale breeders
Occasional 
breeder 
(n=4)
Occupational 
breeder 
(n=3)
Commercial 
breeder 
(n=3)
Merchant  
(n=3)
Novel object 5.7a,b (9.2) 0.7a (1.8) 17.9b (16.8) 4.8a (11.9)
Stranger 25.3a (39.9) 48.6a (41.4) 34.5a (49.8) 26.7a (33.9)
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P=0.9), spontaneous behaviour (F3,84=0.4; P=0.8), or stranger disturbance (F3,84=1.0; P=0.4). 
Anecdotally, behavioural inhibition (freezing) meaning that all animals of one litter showed no 
behavioural response across all three contexts was seen in one litter, at a dog merchant’s 
facility.

a Different indexes indicate a significant difference (P≤0.05) between breeder categories for 
the LSMEANS.

5. DISCUSSION

To the authors’ knowledge, this is the first study that compares the behaviour of puppies 
from randomly selected breeders of different categories by conducting systematic 
observations before homing. 

In this research, puppies from commercial breeders demonstrated significantly more 
exploration activity compared to puppies from all other breeders, and these results confirm 
the findings of authors describing more explorative locomotion behaviour in puppies raised 
by commercial breeders compared to puppies raised in a household (Gazzano et al., 2008). 
In our previous research, where puppies were observed during the first consultation in a 
veterinary practice, we also found higher activity levels for puppies from commercial 
breeders compared to the ones from occupational breeders (Dendoncker et al., 2019b).

In previous chapters, differences in environment have been described. Large-scale breeders 
provided a less enriched and stimulating environment compared to small-scale breeders. It 
could be hypothesised that the lack of stimulation in puppyhood creates a sibling rivalry. 
This competition between siblings for diverse resources, observed during food-deprivation 
Table 5.6: Mean (SD) frequency (number per minute) of stress signals expressed by 
puppies (n=107) in each context and according to breeder category
Small-scale breeders Large-scale breeders
Occasional 
breeder 
(n=4)
Occupational 
breeder 
(n=3)
Commercial 
breeder 
(n=3)
Merchant  
(n=3)
Novel object 0.6a (0.9) 0.3a (0.6) 0.3a (0.4) 0.6a (2.6)
Spontaneous 0.4a (0.6) 0.1a (0.4) 0.1a (0.2) 0.5a (1.3)
Stranger 0.1a (0.2) 0.1a (0.3) 0.2a (0.5) 1.5a (2.9)
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in several species (Carere et al., 2005) or through birth-order in humans (Damian and 
Roberts, 2015), results in a more proactive coping style.

Parallels exist between activity level and coping style on one hand and aggressiveness/
fearfulness and a proactive/reactive behaviour style on the other hand (Koolhaas et al., 
2010). Subsequently, it was also suggested that reactive dogs could demonstrate more 
fearful behaviour while, on the contrary, proactive dogs may present increased 
aggressiveness (Horváth et al., 2007; Riemer et al., 2014). In dogs however, the effect of the 
coping style on sociability and functionality has been less investigated and the few results 
tend to be contradictory. In working dogs for instance, coping style is a determinant or 
future abilities and training success (Svartberg, 2002). Furthermore, it has been reported that 
reactive dogs have a more impaired welfare in stressful conditions (Corsetti et al., 2018). 
Contrary to humans however, boldness and higher exploration of novel objects in puppies 
was not necessarily associated with higher sociability (Riemer et al., 2013). This apparent 
contradiction can be explained because the relationship between locomotion, activity level, 
and exploratory behaviour on one hand and fearfulness and stress on the other is not 
straightforward (Goddard and Beilharz, 1984). Therefore, differences in explorative 
locomotion observed in this study could also be explained by underlying motivations, such 
as hunger, reproductive drive, exploration, and fear or anxiety. Moderate fearful stimuli and 
stressful situations will augment a dog’s exploratory behaviour and activity level. Past a 
certain individual threshold (Koolhaas et al., 2010), the activity level of the dog will decrease, 
eventually leading to freezing (Russell, 1973). More research is needed to determine how 
higher exploration activity in puppies and associated coping style translates into its future 
ability to adapt in human society as a pet dog.

In this study, puppies from merchants showed less interactions during the novel object 
disturbance compared to puppies from commercial breeders. They investigated the novel 
object for a shorter time and interacted less with littermates during this period. Puppies from 
merchants also showed behavioural inhibition. A possible explanation could be that they 
were recently acquired from other breeders (Dendoncker et al., 2019a, 2018), and were, 
therefore, not tested in the pen they were raised in, contrary to puppies from all other 
breeder categories. 
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Puppies from merchants were older compared to puppies from other breeder categories, 
which was to be expected due to half of the merchants having declared to acquire dogs 
from abroad (Dendoncker et al., 2018) and the regulations surrounding intracommunity 
transport of dogs (EU 577/2013). Despite the fact that for all puppies higher age was 
associated with increased exploration activity in the context of stranger disturbance, 
puppies from merchants were still less active than puppies from commercial breeders in this 
specific context. We found no other significant differences imputable to age. A positive 
correlation between exploration activity and age was observed in test-retest studies, 
although increase could be an experiential effect (Fox and Spencer, 1969; Riemer et al., 
2014). Nevertheless, an age-bias may be present when comparing puppies from merchants 
to puppies form other breeder categories. A higher homing age may also be a risk factor for 
future behavioural impairments such as avoidance or some types of aggression (Jokinen et 
al., 2017). 

In this study, no significant differences in passive behaviour were found between breeder 
categories. Passive behaviour or inactivity can be a sign of relaxation, but it could also be 
due to poor housing conditions that either lack suitable stimuli to elicit behaviour, or that 
lack adequate space to perform behaviour. Research in other species has shown that 
prenatal stress in the mother can also result in more passive offspring (Weinstock, 1997). In 
humans, passiveness is an indicator of negative emotion and similar principles may apply to 
dogs (Beerda et al., 1997). The assessment of passive behaviour has been suggested to be 
a useful indicator of impaired welfare in laboratory settings (Hubrecht et al., 1992; 
Spangenberg et al., 2006). In our puppies, we recorded a low number of stress signals and 
no significant differences were found between breeder types. One possible interpretation is 
that the environment was not experienced as being very stressful by the observed puppies.  

Concerning the methodology, our study took a different path than other recently published 
studies that impute large-scale dog breeding as a risk factor for later behavioural 
impairments (Gray et al., 2016; McMillan et al., 2013). Instead of using owner-directed 
questionnaires at adult age, we performed systematic observations of the puppies before 
homing. The observation scheme was based on two previously published ethograms 
(Titulaer et al., 2013; Wright, 1983). These ethograms had been used in studies with a similar 
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kennel setup or with puppies at a similar age and provided us with a broad overview of 
performed behaviors. Systematic observation was preferred to owner-directed questionnaire 
because the external validity of the latter is questionable: first, a combination of non-
probability sampling techniques is common practice, such as self-selection, snowball, 
respondent-driven and target sampling. The choice of convenience sampling will inherently 
induce a bias (Cochran, 1977). This is especially the case when the various breeder 
categories are submitted to different sampling techniques: for instance, target sampling of 
rehomed dogs that originate from large-scale breeders versus self-selection sampling of 
control dogs (McMillan et al., 2011; Wauthier et al., 2018). Second, studies based on 
convenience sampling after homing generally rely on owner-declared origin (Bennett and 
Rohlf, 2007; Flannigan and Dodman, 2001; Pierantoni et al., 2011). However, anecdotal 
reports from veterinarians in the field, posts from dog owners on social media or enthusiast 
groups, and interviews in newspapers show that most dog owners are generally unaware of 
the origin of their puppy (Marder and Duxbury, 2008), and more specifically of the scale at 
which the breeder operates, until they have a motivation to investigate it. The large amount 
of owners that choose unsure (Wauthier et al., 2018) or other (Martínez et al., 2011; Salman 
et al., 2010) instead of breeder or pet store as origin confirms this. Additionally, some large-
scale breeders were found to use misleading communication namely: raised in a household, 
raised by a small-scale familial (personal observation), to counter the negative connotation of 
their activities and attract more potential buyers. It stands to reason that consequently, 
some owners will be misinformed on the origin of their puppy, which might lead to 
questionable results of owner-based questionnaires with self-reported acquisition source. 

Some limitations did apply to this study. First and foremost, participation was based on 
willingness of the breeder to participate. Because this study was a revisit, the randomly 
selected breeders were eager to contribute, which resulted in an exceptional participation 
rate, but also in a small sample size. As such, representativeness for the total population 
can’t be guaranteed, but the stratified random sampling limits selection bias (Cochran, 
1977). Second, visits were announced and therefore, animals presenting problematic 
behaviour may have been removed by some breeders. Third, direct observations occurred 
for a limited time only (16 minutes per litter) and were performed in the pen where puppies 
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are raised. As described in our previous study (Dendoncker et al., 2019a), housing of 
puppies varies greatly between breeders (ranging from a pen in a living room to a glass 
showroom in a pet store) and the differences between observation arenas could have 
interfered with our observations. However, all puppies (except from merchants) were 
acquainted with their environment. Fourth, the age of interest in this study also covered the 
onset of fear-avoidance behaviour (Morrow et al., 2015). This critical stage during 
socialisation is generally accepted to occur for about one week between the ages of 8-12 
weeks (Coppinger and Coppinger, 2001). This could have influenced the level of fear in 
puppies observed during this one time point. Last, stress signals were coded as event, 
which did not allow to measure duration. Behaviours that generally are longer in duration, 
such as freezing, could therefore not be analysed quantitatively. Stress may, therefore, have 
been underestimated in our study. It would be advisable in future research to perform longer 
observation of stress and also to include a measurement of stress related behaviour (e.g., by 
summing al stress-related events, or by coding the duration of the low posture, ears flat and 
freezing) as a duration.

Testing of juveniles has been the subject of controversy (Wilsson and Sundgren, 1998), and 
most studies were not able to demonstrate a personality consistency in dogs. Recently 
however, a meta-analysis of these published studies did demonstrate a certain consistency 
of personality throughout the dog's life (Fratkin et al., 2013). Early observations of puppies, 
therefore, may provide some valuable information concerning behavioural tendencies and 
coping style. Nevertheless, it remains advisable to interpret results of early testing of 
juveniles with caution. First, personality consistency is lower in puppies and increases with 
age. Second, while the importance of a sensitive period for socialisation in young puppies is 
often stressed, this does not imply that environmental influences that occur at other 
developmental stages do not have effects as well (Riemer et al., 2014). Therefore, it is 
beneficial to all that both the breeder, regardless of its category, and the owner should raise 
and socialise the puppy in a controlled environment, led by current scientific consensus, in 
order to maximise positive experiences and limit future behavioural impairments. 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6. CONCLUSION

We compared different types of dog breeders by observing the behaviour of puppies before 
homing at their breeding facility. In our study, dogs from commercial breeders seemed to be 
more explorative. Our results suggest that commercial breeders produce more proactive 
puppies compared to the puppies from other breeder categories. More research is needed 
to see how this translates into the ability to discover the environment and socialise, or could 
predispose to future behavioural impairments. Meanwhile, it may be more judicious to guide 
all breeders towards better practices while improving communication with future dog 
owners on good practices of how to raise their puppy, than to focus on a breeder type as 
being the source of future behavioural impairment.    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CHAPTER 6
1. ABSTRACT

The aim of this study was to determine to what extent differences in health and behaviour of 
puppies might be attributable to the breeder environment. A cross-sectional study of newly 
acquired puppies was conducted from March 2015 to December 2017 in 20 veterinary 
practices. Veterinarians performed a systematic behaviour and health assessment of 203 
puppies during the first puppy consultation and outcomes were combined with the owner’s 
perception of their dog’s behaviour by means of a newly developed puppy C-BARQ 
questionnaire.

Puppies from dog merchants were more often presented to veterinarians because of illness 
compared to puppies from occasional breeders (MD=0.3; P<0.01; CI=0.1, 0.6). Puppy age was 
not significantly associated with any items from the behaviour assessment by the veterinarian. 
Puppies originating from commercial breeders were scored as less fearful than puppies bred by 
occasional breeders (MD=0.1; P<0.01; CI=0.0, 0.3), and owners of puppies originating from 
occasional breeders also scored their puppy higher on stranger-directed aggression (MD=0.2; 
P=0.04; CI=0.0, 0.4) and fear (MD=0.2; P<0.01; CI=0.2, 0.4), and on nonsocial fear (MD= 0.3; 
P=0.04; CI=0.0, 0.6) than owners of puppies originating from dog merchants. Puppies from 
occupational breeders were found to be more passive compared to dogs from occasional 
breeders (MD= 0.3; P<0.01; CI=0.1, 0.4), commercial breeders (MD=0.5; P<0.01; CI=0.2, 0.7) 
and merchants (MD=0.4; P<0.01; CI=0.1, 0.6). These results suggest that the breeder category 
has an effect on behavioural tendencies. More research is needed to determine the influence 
later in life. 

 160
CHAPTER 6
2. INTRODUCTION

Canine behavioural phenotypes result from environmental and genomic interaction, 
commencing as early as in utero. In research, behavioural phenotyping is often achieved by 
means of owner-directed questionnaires. The Canine Behavioural Assessment and Research 
Questionnaire or C-BARQ (Hsu and Serpell, 2003) is globally the most used owner-directed 
questionnaire for phenotyping of adult dogs (Barnard et al., 2012; Duffy and Serpell, 2012a; 
Foyer et al., 2014; Nagasawa et al., 2011; Tamimi et al., 2015; van den Berg et al., 2010), 
provides sub-scores of various traits, and is available i.a. in French, Dutch and English. Other 
commonly used owner-directed questionnaires focus on one (Konok et al., 2011; Overall et al., 
2006; Temesi et al., 2014; Tiira et al., 2016) or a few traits (Ley et al., 2009; van den Berg et al., 
2006), or were not translated into languages spoken by our target population (i.e., Dutch and 
French) (Mirkó et al., 2012). 

In humans, behavioural development is the process from birth until adulthood, where psycho-
motor and cognitive capacities evolve gradually at a pace and span influenced by the 
environment (Piaget, 1977). Similar principles apply to dogs (Gómez, 2005), and the importance 
of the social and nonsocial environment on the behavioural development of dogs has been 
widely acknowledged (Gazzano et al., 2008; Goddard and Beilharz, 1982; Strandberg et al., 
2005; Wilsson and Sundgren, 1998a). Historically, this behavioural ontogeny has been divided 
into different stages (Overall, 2013; Scott and Fuller, 1965). During the neonatal period (i.e., the 
first three weeks of life), puppies are in a state of neural immaturity (Scott, 1958). The 
subsequent socialisation period, from the fourth week up to four months of age, is generally 
accepted as strongly impacting future adult behaviour (Immelmann and Suomi, 1981; Scott and 
Fuller, 1965). In parallel, a sensitive period, during which puppies are more able to benefit from 
exposure to a range of stimuli, has been described as an important age for learning, as 
providing moderate stress accelerates the maturation of the brain and provides social stability 
at a later age (Fox, 1971; Fox and Stelzner, 1966).

Previous research on several species has been performed to identify which social and 
environmental stimuli, or the lack thereof, could cause impairments in behavioural development 
and functioning (Clarke et al., 1994; Dahlöf et al., 1978; Lee et al., 2007; Takahashi et al., 1992; 
Tuchscherer et al., 2002). Providing controlled stressors to the offspring on the other hand, such 
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as gentle handling, and the controlled positive exposure to unfamiliar people, other animals, 
and novel nonsocial stimuli have been proven to be an effective rearing strategy (Wright, 1983), 
especially when maternal care is limited (Fox and Stelzner, 1966). While good maternal care is 
important (Wilsson, 1984), absence of littermates and limitation of environmental resources may 
also increase the animals’ chances of developing future problematic behaviours (Pierantoni et 
al., 2011; Tiira and Lohi, 2015). 

For many years, there has been debate about the link between a dogs’ origin and the 
occurrence of behavioural impairments, dog bite accidents and/or shelter relinquishment. There 
is growing evidence that behavioural impairments originate at the breeder. In some studies, 
large-scale breeders such as commercial breeders and pet shops were identified as the source 
of the problem with regard to improper puppy socialisation (Fatjo et al., 2007; McMillan, 2017; 
Nagasawa et al., 2016). In other studies, breeding by private persons (i.e., small-scale 
occasional breeders) was considered a risk factor for shelter relinquishment (Patronek et al., 
1996) or for undesirable behaviour such as inappropriate elimination, unwanted chewing 
(Blackwell et al., 2008), or yelping (Gazzano et al., 2008). These contradictory results may be 
due to differences in husbandry practices and infrastructure in different countries. However, 
behavioural development will continue after homing (Riemer et al., 2014), therefore, not only the 
environment at the breeder, but also the environment at the owner can affect the emergence of 
future behavioural impairments (Tiira and Lohi, 2015). Undoubtedly, also the health of the 
animals will influences their behaviour (Frank, 2014). It is not clear if above-mentioned research 
focused only on breeder influences, ruling out the owners influence on the dogs’ behaviour. In 
our previous study, we found great variation between breeders with regard to housing 
conditions and procedures, influencing socialisation and environmental learning (Dendoncker et 
al., 2019). Considering the current social debate on the impact of the breeder type on puppy 
health and behaviour, the aim of this study was to determine to what extent differences in 
health and behaviour of puppies, in early stages after acquisition, might be attributable only to 
the breeder environment.
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3. MATERIALS AND METHODS

3.1. Study design 
A cross-sectional study of newly acquired puppies was conducted from March 2015 to 
December 2017 at 20 Belgian veterinary practices. For this study, veterinarians were recruited 
by means of contacting practices directly, through advertorials in veterinary journals, or by 
giving short presentations during events for veterinarians. Participating veterinarians invited 
clients visiting with puppies to join the study. If clients agreed, data were recorded on the 
identification of the dog, owner, and breeder, on medical history, and on the reason for the 
consultation. A behavioural assessment and physical examination of puppies were performed 
in-clinic by the veterinarian and were encoded in an internet survey tool (Limesurvey®). 
Furthermore, owners were asked to complete an online or paper questionnaire, which was a 
modified version of the C-BARQ, about the behaviour of their puppy. To describe the 
acquisition sources of pet dogs we used the four dog breeder categories based on the 
observations during our previous study (Dendoncker et al., 2018). These categories hinge on 
the number of dams and the number of puppies sold yearly and revealed to be different in 
education, husbandry management and practices relevant to behavioural development of 
puppies (Dendoncker et al., 2019). A detailed description of the breeder classification can be 
found in chapter 3.

3.2. Data collection

Participating veterinarians were asked to complete an online training on behavioural 
assessment of pet dogs and an online performance check before commencing data collection. 
Training consisted of rating videos and photographs depicting four canine behavioural traits: 
fearful, aggressive, neutral and playful (Lensen et al., 2013b), which was developed by Lensen 
et al., (2013a). 

Veterinarians used a standardised questionnaire to score puppies’ behaviour and health during 
the physical examination. The full protocol, hereafter called Behavioural Assessment and 
Screening of Health (BASH), took into account certain constraints of a puppy consultation, such 
as the relatively short timeframe and limited availability of tools. The occurrence of behaviours 
was recorded by indicating whether a behaviour was absent (0%), less common (1-80%), or 
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more common (>80% of the time) (Lensen et al., 2014).The health check-sheet (29 items) was 
developed based on literature about the canine paediatric physical examination (Hoskins and 
Partington, 2001; Nagle, 2006; Root Kustritz, 2011) and was pretested by nine veterinarians not 
participating in the study. Particular attention was given to the presence of infectious agents or 
congenital defects by listing the most common ones in the questionnaire. Veterinarians could 
easily and quickly select the involved system (e.g., skin), and the dynamic questionnaire added 
additional questions (e.g., if the presence of ecto-parasites was confirmed, a drop-down 
appeared which listed the parasites with high prevalences, such as fleas).  Numerical responses 
were chosen when possible, but veterinarians also had the option to comment freely on each 
question. The behavioural assessment is available as supplementary material (supplementary 
file 7.1). 

The original C-BARQ consists of 101 items (Hsu and Serpell, 2003), and a reduced version of 
42 items exists for shelter dogs (Duffy et al., 2014). However, none of these versions have been 
developed for use in puppies. In order to make the questionnaire suitable for puppy behavioural 
assessment, C-BARQ was modified according to the Delphi Technique (Dalkey and Helmer, 
1963). Adaptations to a questionnaire by means of this expert elicitation method will preserve 
content validity when the panels participating in the study are representative of the research 
field (Goodman, 1987). First, a behavioural expert panel (n=10) evaluated if the original 101 
items were appropriate for puppies, by means of an online survey. Forty-four questions were 
deemed less applicable for puppies by at least two experts (for example: question n°23: When 
approached directly by an unfamiliar male dog while being walked/exercised on a leash). These 
questions were then modified based on the experts’ suggestions (question n°23 adapted: When 
approached directly by an unfamiliar adult dog). Subsequently, a second evaluation round of the 
modified questions was performed by the expert panel. Final evaluation resulted in the removal 
of two questions, modification of seven questions, and the merging of nine questions. In 
addition, the answer option ‘not applicable’ was introduced, as owners of puppies might not 
yet have encountered some of the situations presented in the C-BARQ. This puppy C-BARQ 
(Dendoncker et al., 2015) consists of 89 items and is available as supplementary material 
(supplementary file 7.2).
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3.3. Statistical analysis

Descriptive and inferential statistical analyses were performed using SPSS 24 (IBM SPSS ®). 
Normality was assessed for all continuous variables (e.g., age, duration of ownership). Because 
the median is a reliable indicator in highly skewed C-BARQ scores (Dodman et al., 2018; 
Nagasawa et al., 2012), and because the data had mainly a bi-modal distribution, we 
dichotomised the scores by considering the median as cut-off value (Dalla Villa et al., 2017) This 
approach provides a relative measure of a dog's behaviour (e.g., aggressiveness) to the 
average behaviour of the total sample (Hsu and Sun, 2010). Items of the health screening that 
had not been performed on every dog (e.g., laryngo-tracheal reflex was only performed on 79 
puppies) were removed from the analysis. Data from the behavioural assessment were recoded 
into binomial values (i.e., dog showing the behaviour / not showing the behaviour). The general 
behavioural impression of the dog during the behaviour assessment was recoded into four 
variables (fearful, aggressive, neutral, and playful). 

Continuous variables were analysed by performing a one-way ANOVA with post-hoc Tukey’s 
honestly significant difference test to correct for multiple comparisons. Binomial variables (i.e., 
results of puppy C-BARQ and BASH) were analysed using binary logistic regression by means 
of generalised linear models with Šidák correction for multiple comparisons. We provided the 
effect size as Eta Squared (η2) and, the F-Value (F), degrees of freedom (dF) and the statistical 
significance (corrected P-value) when possible for each continuous variable and we provided 
the effect size as mean difference (MD), corrected P-Value and Confidence Interval (CI) for each 
binomial variable. We compared the effects of breeder type, veterinarian, breed, breed group, 
duration of ownership (in days), sex and age of puppies (in days). Agreement between the 
BASH and puppy C-BARQ was assessed by means of Cohen’s kappa.  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4. RESULTS 

Thirty-eight veterinarians completed the online training and 20 collected full data (data from 
both BASH and puppy C-BARQ) In total, 219 puppies (range: 1 to 26 puppies per veterinarian) 
from various breeds and aged 38 to 188 days old (mean 91.1, SD 32.3) were assessed during 
their first visit to the veterinary practice after rehoming. Sixteen puppies were excluded because 
of uncertain origin. The data distribution across breeder categories is shown in table 6.1. 131 
puppies (64.5%) had full data whereas 72 only had data from the veterinarian. The sample of 
puppies was representative when compared to governmental data (ABIEC-BVIRH, Unpublished 
data) for source of origin (i.e., the Belgian classification), breed and sex (51.4% females). None 
of the puppies were neutered. Breeder categories did not differ significantly for breed (P=0.4) or 
sex (P=0.5).

Table 6.2 lists the age of puppies (in days) during the physical examination, and duration of 
ownership (in days). The main foreign countries of origin were Slovakia (31), The Netherlands (7) 
and Czech Republic (5). Puppies from foreign origin were significantly older (F1,127=26.5; 
P<0.01; η2=0.2) and were more often sold by large-scale breeders. Merchants sold puppies 
from foreign origin more often than occasional breeders (MD=0.4; P<0.01; CI=0.2, 0.6), 
occupational breeders (MD=0.5; P<0.01; CI=0.3, 0.7) and commercial breeders (MD=0.3; 
P=0.02; CI=0.2, 0.6) and commercial breeders sold puppies from foreign origin more often than 
occupational breeders (MD=0.2; P=0.03; CI=0.0, 0.3). The duration of ownership (range 1 to 
127 days) did not differ significantly (F3,127=1.5; P=0.2; η2=0.04) between breeder categories. 

Table 6.1: Number of puppies assessed by BASH and/or Puppy C-BARQ per breeder category
Small-scale breeders Large-scale breeders
Occasional Occupational Professional Merchant Total:
BASH + Puppy C-BARQ 70 14 22 25 131
Only BASH 24 12 22 14 72
Total 94 26 44 39 203
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a-b Different indexes indicate a significant difference (P≤0.05) between categories.

4.1. Behavioural assessment and screening of health 

Results from the behavioural assessment by veterinarians are listed in tables 6.3 and 6.4. Dogs 
from small-scale breeders were more reluctant to enter the examination room (MD=0.2; P=0.01; 
CI=0.0, 0.4) and more looking for support from the owner (i.e., attention-seeking behaviour) 
(MD=0.2; P=0.02; CI=0.0, 0.4) compared to the ones from large-scale breeders. 

Dogs from commercial breeders were less reluctant to enter the examination room (MD=0.3; 
P=0.04; CI=0.0, 0.5) and they were less fearful (MD=0.1; P<0.01; CI=0.0, 0.3) compared to dogs 
from occasional breeders. They were also scored as more active (MD=0.4; P=0.04; CI=0.0, 0.8) 
than dogs from occupational breeders. Dogs from occupational breeders showed less 
resistance to manipulation by the veterinarian compared to dogs of other categories.  They 
showed less resistance compared to the ones from occasional breeders (MD= 0.3; P<0.01; 
CI=0.1, 0.4), commercial breeders (MD=0.5; P<0.01; CI=0.2, 0.7) and merchants (MD=0.4; 
P<0.01; CI=0.1, 0.6). 

No significant differences in owner behaviour were found between breeder categories. 
Veterinarians found owners of older dogs to be controlling more often (F1,126=5.8; P=0.02; 
η2=0.04). Age was not significantly associated with other items of the behavioural assessment 
by veterinarians (P>0.07), nor was the duration of ownership (P>0.05). Behaviour was not 
significantly different for puppies of foreign origin (P>0.05). 
Table 6.2: Puppy age (in days), ownership duration (in days) and country of origin of the 
puppies for each breeder category.
Overall 
statistical 
effect  
(P-value)
Small-scale Breeders Large-scale Breeders
Occasional  
breedera,b 
(n=70)
Occupational 
breeder 
(n=14)
Professional 
breeder 
(n=22)
Merchant 
(n=25)
Puppy age (SD) <0.01 84.89a (26.57) 77.29b (22.20) 100.18
a,c 
(38.91)
114.44c 
(35.26)
Ownership duration 
(SD) 0.2 26.01
a (26.72) 10.79a (13.29) 18.00a (20.94) 22.68a (34.91)
Belgian origin <0.01 95.2%a 100.0%a 81.8%b 52.0%c
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a-b Different indexes indicate a significant difference (P≤0.05) between categories.

a Different indexes indicate a significant difference (P≤0.05) between categories.  
Table 6.3: Proportion (%) of puppies that perform a particular behaviour in veterinary clinic.
Overall 
statistical 
effect  
(P-value)
Small-scale breeders Large-scale breeders
Occasional 
breeder 
(n=94)
Occupational 
breeder  
(n=26)
Professional 
breeder 
(n=44)
Merchant 
(n=39)
Reluctant to enter 0.02 18.2a 36.4a,b 5.7b 7.7a,b
Reluctant to exit 0.09 10.4a 14.3a 8.1a 3.3a
Fearful <0.01 11.7a 15.4a,b 4.5b 18.4a,b
Aggressive 0.2 4.3a 0.0a 0.0a 2.6a
Neutral 0.4 42.6a 61.5a 52.3a 50.0a
Playful 0.09 40.4a 15.4a 38.6a 28.9a
Resistance to 
manipulation <0.01 25.0
a 3.8b 33.3a 31.6a
Avoidance to 
manipulation 0.2 31.9
a 20.0a 35.7a 24.3a
Stiff posture 0.7 13.0a 4.0a 14.6a 16.2a
Low posture 0.5 27.2a 40.0a 16.7a 21.6a
Panting 0.1 24.2a 12.0a 28.6a 37.8a
Wailing 0.9 23.7a 24.0a 26.2a 13.9a
High activity 0.04 77.2a,b 48.0a 72.1b 75.7a,b
Looking for 
Support 0.03 64.5
a 44.0a,b 47.6b 51.4a,b
Social towards vet 0.8 90.3a 76.0a 85.4a 78.4a
Stressed 0.4 38.0a 24.0a 35.7a 42.1a
Table 6.4: Proportion (%) of owners that perform a particular behaviour in veterinary clinic.
Overall 
statistical 
effect  
(P-value)
Small-scale breeders Large-scale breeders
Occasional 
breeder  
(n=94)
Occupational 
breeder 
(n=26)
Professional 
breeder 
(n=44)
Merchant 
(n=39)
Owner nervous 0.3 22.2a 26.9a 28.6a 39.5a
Owner indifferent 0.4 10.0a 8.0a 14.3a 5.4a
Owner 
manipulative 0.9 92.3
a 96.0a 85.7a 89.2a
Owner controlling 0.3 34.1a 25.0a 26.2a 18.9a
Owner reassuring 0.9 81.5a 76.0a 71.4a 78.4a
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Tables 6.5 and 6.6 list the health screening results. Puppies taken to the veterinary clinic 
because of an illness (instead of a health check-up) originated more often from large-scale 
breeders compared to small-scale breeders (MD=0.3; P<0.01; CI=0.1, 0.4) and especially from 
merchants compared to occasional breeders (MD=0.3; P<0.01; CI=0.1, 0.6). Puppies presented 
due to illness were not older (F1,136=1.9; P=0.2; η2=0.01) nor had a longer duration of ownership 
(F1,136=0.2; P=0.6; η2<0.01). 119 puppies (54.3%) were presented with at least one problematic 
finding in the health check-up (mean 1.2; SD ±1.5), regardless of breeder category (MD=0.1; 
P=0.4; CI=-0.2, 0.1). The most common findings were skin disorder (i.e., flea infestation) (n=37), 
gastro-intestinal disorder (e.g., dilated abdomen, diarrhoea) (n=30), overweight (n=25), eye 
disorder (i.e., epiphora) (n=23), underweight (n=22), ear disorder (n=21), nose disorder (i.e., 
stridor) (n=17), abnormal respiration (n=15), abnormal pulmonary auscultation (n=14).

Dogs from merchant were more often overweight (MD=0.3; P=0.05; CI=0.0, 0.5) compared to 
the ones from occasional breeders. The age was not significantly higher for overweight puppies 
(F1,132=0.6; P=0.4; η2=0.04) nor was the duration of ownership longer (F1,132=2.9; P=0.09; 
η2=0.02). Puppies from foreign origin presented respiratory symptoms more often (MD=0.2; 
P=0.02; CI=0.0, 0.4), but the origin had also a significant effect (F1,132=4.0; P=0.05; η2=0.03). 
Additionally, a discrepancy between age stated on the passport and observed teething was not 
significantly associated with origin (MD=0; P=0.4; CI=-0.1, 0.1), nor was country of origin 
associated with higher prevalence of other health disorders (MD=0; P=0.9; CI=-0.2, 0.2).

Primo-vaccination with core vaccines (CPV, CDV, Canine Adenovirus (CAV), and rabies when 
required by statue), such as recommended by the World Small Animal Veterinary Association 
(WSAVA) guidelines, was well applied. Large-scale breeders did not differ in the implementation 
thereof from small-scale breeders (MD=0; P=0.4; CI=0.0, 0.1). Deworming protocols were most 
often not provided or unknown to the owner and no difference between breeders could be 
demonstrated. 
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a-b Different indexes indicate a significant difference (P≤0.05) between categories.

1Guidelines for vaccination provided by WSAVA (2016) 
2Guidelines for deworming provided by ESCCAP (2010)

Table 6.5: Proportion (%) of puppies per breeder presented with a particular medical history 
(n=203)
Overall 
statistical 
effect  
(P-value)
Small-scale breeders Large-scale breeders
Occasional 
breeder  
(n=94)
Occupational 
breeder  
(n=26)
Professional 
breeder 
(n=44)
Merchant 
(n=39)
Reason of 
consultation is 
illness
<0.01 2.1a 3.8a,b 18.2a,b 33.3b
History of previous 
illness 0.2 8.6
a 0.0a 9.1a 8.0a
Primo-vaccine 
following 
guidelines1
0.3 91.5a 88.5a 90.0a 97.4a
Dewormed at least 
once 0.4 60.6
a 61.5a 56.8a 48.7a
Dewormed 
following 
guidelines2
0.4 25.5a 30.8a 15.9a 17.9a
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a-b Different indexes indicate a significant difference (P≤0.05) between categories.  
Table 6.6: Proportion (%) of puppies per breeder category with a specific symptom as examined 
during the health screening (n=203)
Overall 
statistical 
effect  
(P-value)
Small-scale breeders Large-scale breeders
Occasional 
breeder  
(n=94)
Occupational 
breeder  
(n=26)
Professional 
breeder 
(n=44)
Merchant 
(n=39)
Abnormality on 
physical examination 
during check-up
0.5 34.3a 21.4a 22.7a 32.0a
Teething different 
from passport’s age 0.5 4.3
a 11.5a 6.8a 10.3a
Abnormal body 
temperature 0.8 18.1
a 24.0a 16.7a 35.1a
Abnormal breathing 0.07 6.4a 0.0a 6.8a 10.3a
Abnormal cardiac 
auscultation 0.6 1.1
a 0.0a 2.3a 0.0a
Abnormal pulmonary 
auscultation 0.2 3.3
a 7.7a 9.1a 13.5a
Lesions or congenital 
eye defects 0.9 9.6
a 7.7a 13.6a 10.3a
Lesions or congenital 
nose defects 0.5 8.5
a 15.4a 4.5a 5.1a
Lesions or congenital 
buccal defects 0.6 5.3
a 15.4a 4.5a 5.1a
Lesions or congenital 
ear defects 0.5 9.6
a 3.8a 11.4a 10.3a
Lesions or congenital 
limb defects 0.3 1.1
a 11.5a 4.5a 2.6a
Lesions or congenital 
urogenital defects 0.7 2.1
a 3.8a 6.8a 2.6a
Lesions or congenital 
anal defects 0.06 4.3
a 3.8a 4.5a 0.0a
Lesions or congenital 
tail defects 0.9 4.3
a 3.8a 2.3a 2.6a
Presence of 
dermatologic disorder 0.4 22.3
a 15.4a 11.4a 15.4a
Presence of 
ectoparasites 0.9 14.9
a 11.5a 11.4a 10.3a
Abnormal abdominal 
palpation 0.7 12.8
a 23.1a 11.4a 12.8a
Underweight 0.4 11.7a 12.0a 4.8a 10.8a
Overweight 0.1 6.4a 12.0a,b 11.9a,b 24.3b
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4.2. Puppy behavioural assessment 

The score for each puppy C-BARQ behavioural category is available as supplementary material 
(Supplementary file 7.3). 

Table 6.7 lists the proportion of puppies with a score above the median (cut-off value) for each 
puppy C-BARQ category. Dogs from large-scale breeders scored significantly lower on 
stranger-directed aggression (MD=0.2; P=0.01; CI=0.0, 0.3) and stranger-directed fear (MD=0.2; 
P=0.03; CI=0.0, 0.3). Specifically, dogs of merchants scored lower on stranger-directed 
aggression compared to dogs from occasional (MD=0.2; P=0.04; CI=0.0, 0.4) and occupational 
breeders (MD=0.5; P=0.01; CI=0.0, 0.9), and scored lower on stranger-directed fear (MD=0.2; 
P<0.01; CI=0.2, 0.4) and nonsocial fear (MD= 0.3; P=0.04; CI=0.0, 0.6) compared to occasional 
breeders. No other puppy C-BARQ traits were found to be significantly different between small-
scale and large-scale breeders. Higher puppy C-BARQ scores for excitability (F1,136=4.9; 
P=0.03; η2=0.04) and energy level (F1,135=4.0; P=0.05; η2=0.03) were observed with increasing 
duration of ownership. Age was not significantly associated with puppy C-BARQ traits (P>0.05) 
nor was a foreign origin (P>0.05).

4.3. Association of assessment by the owner and by a veterinarian

We compared the assessment of the puppy by the owner (puppy C-BARQ) with the behavioural 
assessment by the veterinarian (BASH). Similar traits of Puppy C-BARQ and BASH presented a 
low level of agreement (κ<0.2).
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a-b Different indexes indicate a significant difference (P≤0.05) between categories.

5. DISCUSSION

This study aimed to describe differences in behaviour and health of puppies in the early stages 
after acquisition, so as to avoid owner-related influences as much as possible. Additionally, this 
article presents the development and use of tools to achieve the aim, namely a modified C-
BARQ or puppy C-BARQ (Dendoncker et al., 2015), in parallel with a behavioural assessment 
(Lensen et al., 2014) and screening of health (BASH) performed by veterinarians.

Three differences between breeder types were identified when analysing items of behaviour and 
health. Firstly, dogs from occasional breeders were more fearful, more reluctant to enter the 
examination room and more looking for support compared to dogs from commercial breeders. 
Table 6.7: Proportion (%) of puppies (n=131) for each breeder category with a puppy C-BARQ 
score above median.
Overall 
statistical 
effect  
(P-value)
Small-scale breeders Large-scale breeders
Occasional 
breeder 
(n=70)
Occupational 
breeder 
(n=14)
Professional 
breeder 
(n=22)
Merchant 
(n=25)
Stranger-directed 
aggression <0.01 30.0
a 46.2a 22.7a,b 8.3b
Owner-directed 
aggression 0.8 24.3
a 21.4a 27.3a 16.7a
Dog-directed 
aggression 0.2 35.9
a 16.7a 42.9a 22.7a
Stranger-directed 
fear <0.01 27.9
a 28.6a,b 22.7a,b 4.2b
Nonsocial fear 0.05 48.6a 42.9a,b 45.5a,b 20.8b
Dog-directed Fear 0.2 44.6a 18.2a 30.0a 34.8a
Separation-
related behavior 0.2 38.6
a 21.4a 40.9a 54.2a
Attachment and 
attention seeking 0.3 54.3
a 64.3a 40.9a 33.3a
Trainability 0.4 57.1a 35.7a 45.5a 44.0a
Chasing 0.6 40.9a 42.9a 30.0a 28.0a
Excitability 0.3 50.0a 28.6a 45.5a 36.0a
Touch sensitivity 0.4 40.6a 35.7a 40.9a 24.0a
Energy level 0.8 37.1a 50.0a 36.4a 66.7a
Dog rivalry 0.5 19.4a 40.0a 30.0a 10.0a
 173
CHAPTER 6
Most likely, these traits identify an underlying emotion: fear towards an unfamiliar environment, 
such as a veterinary practice (Döring et al., 2009). Earlier findings suggest that puppies raised in 
family homes (i.e., occasional breeders) show an emotional state that is more easily altered by 
isolation. Absence of familiar environmental references could generate more stress in those 
puppies compared to commercially bred puppies (Gazzano et al., 2008). Secondly, puppies 
from occupational breeders displayed less resistance to manipulation by the veterinarian in 
comparison to puppies from other categories. They were also scored to be less active and 
playful during the physical exam than dogs from occasional breeders. Research showed that 
high activity level of dogs is potentially linked to their performance in specific tasks (Svartberg, 
2002; Weiss and Greenberg, 1997). Activity is also recognised as a sign of emotional level (Fox, 
1972) and is related the coping style (i.e., proactive or reactive) (Koolhaas et al., 1999) and to 
future social tendencies (Beaudet et al., 1994). Hence, dogs from occupational breeders 
possibly were more reactive. Third, owners of older dogs were more often scored as overly 
controlling. It can be hypothesised that owners expect more obedience with increasing age and 
experience of their dog. This could also be explained by the performed training technique, as 
positive punishment is still ubiquitous (Blackwell et al., 2008). For the other items of the 
behavioural assessment, age of the puppies was not associated significantly, nor were the 
duration of ownership or the country of origin. 

This study indicates that puppies from large-scale breeders were more frequently presented to 
the veterinarian because of illness rather than for a health check-up and vaccination. The 
reason for the consultation (i.e., health check-up or illness) is important since there is evidence 
that this influences the veterinarian-client communication and the amount of advice given to the 
owner (Shaw et al., 2008). Large-scale breeders are often linked to higher prevalence of 
diseases (Dupont et al., 2013; Hird et al., 1992; Scarlett et al., 1994). In this study we found no 
such association, but this could be a result of the relatively small sample size. The prevalence 
of abnormalities found in this study was comparable to a previous larger-scale epidemiological 
study (Lund et al., 1999).

This study also demonstrates that puppies from large-scale breeders were more frequently 
presented to the veterinarian at a later age. This could be mainly due to legal regulation: 
merchants may only trade dogs originating from abroad from the age of 15 weeks (EU 
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regulation 576/2013). It can be hypothesised that for puppies sold at 16 weeks of age or later, 
their age coincides with the end of the recommended vaccination protocol and associated 
health check-ups (Day et al., 2016). Anecdotal evidence and reports from veterinarians in the 
field point out the possibility of fraud when it concerns age, implying foreign dogs to be 
younger than 15 weeks. Therefore, veterinarians were asked to check the teething status and to 
provide the declared age on the passport. However, we found no significant discrepancy 
between teething status and declared age.

Dogs from small-scale breeders scored significantly higher for stranger-directed aggression and 
stranger-directed fear. Specifically, puppies from merchants scored lower for stranger-directed 
aggression compared to occasional and occupational breeders and lower for stranger-directed 
fear and nonsocial fear compared to occasional breeders.  As mentioned earlier, puppies raised 
in family homes could have an inferior ability to adapt in the absence of familiar environmental 
references (Gazzano et al., 2008). Certainly, puppies that originate from merchants are more 
often exposed to strangers, possibly resulting in more habituation or, on the contrary, 
sensitisation: they move from the original breeder to the collection centre and subsequently to 
the merchant. Frequently, they undergo long-distance travel, are handled by many different 
people, and are often presented in a showroom (Dendoncker et al., 2019). Higher scores of 
excitability and energy level were found with increasing duration of ownership. Long-term 
owned puppies, that are more likely to be attached to their owners, could be comforted by the 
owner’s presence. Less dog-human bonding is to be expected in short duration of ownership 
and a higher dog-owner attachment is associated with high energy level (Kurdek, 2008).

This study shows that veterinary practitioners can be of great help to broaden data collected 
through owner questionnaires. The BASH was intended as a fast and easily applicable tool for 
practicing veterinarians. While remarks made by participating veterinarians were surveyed, 
none were directed towards the practicality of BASH. On the contrary, the puppy C-BARQ was 
considered as a limiting factor in sample size, since the number of items was the first reason 
not to participate. Owner questionnaires such as the above presented puppy C-BARQ are often 
used in research. They are quick and cheap tools for repeatable and reliable behavioural 
phenotyping (Barnard et al., 2012; Duffy and Serpell, 2012b; Foyer et al., 2014; Nagasawa et 
al., 2011; Tamimi et al., 2015; van den Berg et al., 2010) and have already been used to 
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compare source of origin (McMillan et al., 2013; Pierantoni et al., 2011). However, since there is 
evidence of differences between owners of different breeder categories (Pirrone et al., 2016, 
2015), one can hypothesise that a comparison of breeders (and thus indirectly a comparison of 
owners) cannot rely solely on data from owner questionnaires. Puppy C-BARQ and BASH 
seemed to describe similar variables and showed a likely magnitude in values. The agreement 
did not differ greatly from chance, meaning methodological differences between the two tests 
may provide complementary information. The low agreement between both tests may also be 
the result of different settings (Godbout et al., 2007; Mariti et al., 2015) and different raters 
(owner versus veterinarian) (Jones and Gosling, 2005). 

This study had four limitations. First, during this study we relied on two tools untested for their 
external validity. These tools allowed us to assess puppy behaviour on two levels: by a 
veterinary practitioner and by the owner. For the former, we tried to eliminate multi-observer 
bias (Landis and Koch, 1977) by giving an online training to participating veterinarians and 
limiting the number of possible answers (Lensen et al., 2013a). We also did not have a gold 
standard at our disposal for validation of the BASH (Diederich and Giffroy, 2006). For the latter, 
an additional validation against another questionnaire or in another population was not feasible 
because of logistic and financial limitations. Also, owner-directed questionnaires are subjected 
to several biasses (see chapter 5 for an overview). Second, no follow-up was performed and 
behavioural differences in veterinary practices were measured at one point in time only. the 
importance of a sensitive period for socialisation in young puppies is often stressed, this does 
not imply that environmental influences that occur at other developmental stages do not have 
effects as well (Riemer et al., 2014). Testing of juveniles has been the object of controversy 
(Wilsson and Sundgren, 1998b), Although many studies have not able to demonstrate a 
personality consistency in dogs, a recent meta-analysis of these published studies has 
demonstrated that a certain consistency of personality exists throughout the dog's life (Fratkin 
et al., 2013). Early observations of puppies, therefore, may provide some valuable information 
concerning behavioural tendencies and coping style. Nevertheless, it remains advisable to 
interpret results of early testing of juveniles with caution. Personality consistency is lower in 
puppies and increases with age. While the importance of a sensitive period for socialisation in 
young puppies is often stressed, this does not imply that environmental influences that occur at 
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other developmental stages do not have effects as well (Riemer et al., 2014). Testing young 
puppies, therefore, can provide some valuable information concerning future behaviour while 
limiting owner-related effects but does not necessarily predicts the exact adult behaviour. Third, 
the age of interest in this study also covered the onset of the first fear period (Morrow et al., 
2015). This critical stage during socialisation is generally accepted to occur for about one week 
between the ages of 8-12 weeks (Coppinger and Coppinger, 2001). This could have influenced 
the level of fear observed during this one time point in puppies. Finally, the study could be 
subject to selection bias: Only puppies presented to veterinary practices were included. 
Considering that a large number of owners associates veterinary care primarily with 
vaccination, or take their dog to a veterinary practice less than once a year (Volk et al., 2011), 
this limitation could be avoided by repeating this study at breeding facilities or by sampling 
puppies through registration databases with mandatory enrollment. 

6. CONCLUSION

Puppies of foreign origin are more often presented to veterinarians because of illness. However, 
no differences in occurrence of disorders could be found between Belgian and foreign puppies. 
Although these preliminary results should be viewed with caution, puppies from large-scale 
breeders were scored less fearful than puppies from small-scale breeders, not only when taken 
into a veterinary clinic setting but also as scored at home by their owners. Since studies 
investigating behaviour of adult dogs reported more fearfulness for dogs from large-scale 
breeders, it remains uncertain if these differences originate at the breeder or subsequent to later 
experiences with the owner. Therefore, more research is necessary to investigate different 
owner types and their influence on the behaviour of their dog.
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7. SUPPLEMENTARY MATERIALS

7.1. Behavioural assessment used in veterinary practice

7.1.1. Entry into and departure from the consultation room (one answer per column)

7.1.2. General evaluation of the dog during the clinical examination.

	 ( ) Anxious  
	 ( ) Aggressive  
	 ( ) Neutral

	 ( ) Playful 

	 ( ) Other, ________________________________

7.1.3. Specific evaluation of the behaviour during the clinical examination (from the first manipulation).

7.1.4. Evaluation whining/ Barking during the clinical examination

	 ( ) Not at all

	 ( ) A few times

	 ( ) Constantly (minimally once every 10 seconds)

Entry Departure
Refuses to walk [ ] [ ]
Walks hesitantly [ ] [ ]
Walks confidently [ ] [ ]
Pulls at the leash [ ] [ ]
absent intermittent Permanent (>80% of time)
Resistance to manipulation ( ) ( ) ( )
Avoidance of the veterinarian ( ) ( ) ( )
Stiff posture ( ) ( ) ( )
Low posture ( ) ( ) ( )
Panting ( ) ( ) ( )
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7.1.5. General (subjective) evaluation of  the dog during the clinical examination  
(0 =not at all, 2= extremely):

7.1.6. Do you think that this dog is at higher risk compared to other dogs to develop behavioural 
impairments?

	 ( ) Yes, what and why do you expect it?________________________________________________

	 ( ) No, why don’t you expect it?_______________________________________________________

7.1.7. Did you advise your client how to preclude/decrease these possible impairments?

	 ( ) Yes	 	 ( ) No

7.1.8. Behaviour of the owner (0 =not at all, 2 = extremely):

0 1 2
Active / Energetic ( ) ( ) ( )
Looking for support ( ) ( ) ( )
Social towards the veterinarian ( ) ( ) ( )
Stressed (intensity) ( ) ( ) ( )
0 1 2
Nervous ( ) ( ) ( )
Indifferent ( ) ( ) ( )
Manipulative/ contact towards the dog ( ) ( ) ( )
Controlling ( ) ( ) ( )
Comforting ( ) ( ) ( )
 179
CHAPTER 6
7.2. puppy C-BARQ as provided to dog owners

SECTION 1: Training and obedience 
Some dogs are more obedient and trainable than others. By checking the appropriate boxes, 
please indicate how trainable or obedient your puppy has been in each of the following 
situations in the recent past:

SECTION 2: Aggression 
Some dogs display aggressive behaviour from time to time. Typical signs of moderate 
aggression in dogs include barking, growling and baring teeth. More serious aggression 
generally includes following behaviour: snapping, lunging, biting, or attempting to bite.

By circling or underlining a number on the following 5-point scales (0= No aggression, 4= 
Serious aggression), please indicate your own puppy’s recent tendency to display aggressive 
behaviour in each of the following contexts:

Nev
er
Seld
om
So
me 
time
s
Usu
ally
Alw
ays
Not 
App
l.
When off the leash, returns immediately when 
called. O O O O O O
Responds to a command most of the time 
(e.g.,, "sit", stay", come here...). O O O O O O
Seems to attend/listen closely to everything 
you say or do. O O O O O O
Slow to respond to a correction or 
punishment (e.g.,, "no", "bad dog", shout 
at puppy...).
O O O O O O
Slow to learn new tricks or tasks. O O O O O O
Easily distracted by interesting sights, 
sounds or smells. O O O O O O
Will ‘fetch’ or attempt to fetch sticks, balls, 
or objects. O O O O O O
No aggression: 
No visible signs

of aggression
Moderate aggression:  
Growling/ barking—baring teeth  
0...............1...............2...............3...............4
Serious 
aggression: 
Snaps, bites 
or attempts to 
bite.
0 1 2 3 4
Not 
App
l.
When verbally corrected or punished (e.g.,, 
scolded, shouted at...) by you or a household 
member.
O O O O O O
When approached directly by an unfamiliar adult 
while being walked/exercised on a leash. O O O O O O
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When approached directly by an unfamiliar child 
while being walked/exercised on a leash. O O O O O O
Toward unfamiliar persons approaching the 
puppy while s/he is in your car (at the petrol 
station for example).
O O O O O O
When toys, bones or other objects are taken 
away by a household member. O O O O O O
When manipulated by a household member 
(e.g.,, bathing, grooming, toweling feet, looking 
at ears...)
O O O O O O
When an unfamiliar person approaches you or 
another member of your family at home. O O O O O O
When unfamiliar persons approach you or 
another member of your family away from your 
home.
O O O O O O
When approached directly by a household 
member while s/he (the puppy) is eating. O O O O O O
When postmen or other delivery workers 
approach your home. O O O O O O
When his/her food is taken away by a household 
member. O O O O O O
When strangers walk past your home while your 
puppy is outside or in the garden. O O O O O O
When an unfamiliar person tries to touch or pet 
the puppy. O O O O O O
When people outside pass at high speed along 
to the puppy (ex. Jogger, cyclist, skateboard...) O O O O O O
When approached directly by an unfamiliar dog 
while being walked/exercised on a leash. O O O O O O
When stared at directly by a member of the 
household. O O O O O O
Toward unfamiliar dogs visiting your home. O O O O O O
Toward cats, squirrels or other small animals 
entering your garden. O O O O O O
Toward unfamiliar persons visiting your home. O O O O O O
When barked, growled, or lunged at by another 
(unfamiliar) dog. O O O O O O
When stepped over by a member of the 
household. O O O O O O
When you or a household member retrieves food 
or objects stolen by the puppy. O O O O O O
Towards another (familiar) dog in your household. 
(Leave blank if no other dogs) O O O O O O
When approached at a favorite resting/sleeping 
place by another (familiar) household dog. (Leave 
blank if no other dogs)
O O O O O O
When approached while eating by another 
(familiar) household dog. (leave blank if no other 
dogs)
O O O O O O
When approached while playing with/chewing a 
favorite toy, bone, object... by another (familiar) 
household dog. (leave blank if no other dogs)
O O O O O O
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SECTION 3: Fear and Anxiety 
Dogs sometimes show signs of anxiety or fear when exposed to particular sounds, objects, 
persons or situations. Typical signs of mild to moderate fear include: avoiding eye contact, 
avoidance of the feared object; crouching or cringing with tail lowered or tucked between the 
legs; whimpering or whining, freezing, and shaking or trembling. Extreme fear is characterised 
by exaggerated cowering and/or vigorous attempts to escape, retreat or hide from the feared 
object, person or situation.

Using the following 5-point scales (0=No fear, 4=Extreme fear), please indicate your own 
puppy’s recent tendency to display fearful behaviour in each of the following circumstances:

No fear/
anxiety: 
No visible

signs of fear
Mild—Moderate fear/anxiety: 
  
0...............1...............2...............3...............4
Extreme fear: 
Cowers; retreats or 
hides, etc.
0 1 2 3 4
Not 
App
l.
When approached directly by an unfamiliar adult 
while away from your home. O O O O O O
When approached directly by an unfamiliar child 
while away from your home. O O O O O O
In response to sudden or loud noises (e.g., 
vacuum cleaner, car backfire, road drills, objects 
being dropped, etc.).
O O O O O O
When unfamiliar persons visit your home. O O O O O O
When an unfamiliar person tries to touch or pet 
the puppy. O O O O O O
In heavy traffic O O O O O O
In response to strange or unfamiliar objects on or 
near the pavement (e.g., plastic trash bags, 
leaves, litter, flags flapping...).
O O O O O O
When examined/treated by a veterinarian. O O O O O O
During thunderstorms, firework displays, or 
similar events. O O O O O O
When approached directly by an unfamiliar dog 
of the same or larger size. O O O O O O
When approached directly by an unfamiliar dog 
of a smaller size. O O O O O O
When first exposed to unfamiliar situations (e.g., 
first car trip, first time in elevator, first visit to 
veterinarian, etc.)
O O O O O O
In response to wind or wind-blown objects. O O O O O O
When manipulated by a household member 
(e.g.,, bathing, grooming, toweling feet, looking 
at ears...)
O O O O O O
When stepped over by a member of the 
household. O O O O O O
When unfamiliar dogs visit your home. O O O O O O
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SECTION 4: Separation-related behaviour 
Some dogs show signs of anxiety or abnormal behaviour when left alone, even for relatively 
short periods of time. Thinking back over the recent past, how often has your puppy shown 
each of the following signs of separation-related behaviour when left, or about to be left, on its 
own (check appropriate boxes)?

SECTION 5: Excitability 
Some dogs show relatively little reaction to sudden or potentially exciting events and 
disturbances in their environment, while others become highly excited at the slightest novelty. 
Signs of mild to moderate excitability include increased alertness, movement toward the source 
of novelty, and brief episodes of barking. Extreme excitability is characterised by a general 
tendency to over-react. The excitable dog barks or yelps hysterically at the slightest 
disturbance, rushes towards and around any source of excitement, and is difficult to calm 
down.

Using the following 5-point scales (0=Calm, 4=Extremely excitable), please indicate your own 
puppy’s recent tendency to become excitable in each of the following circumstances:

When barked, growled, or lunged at by an 
unfamiliar dog. O O O O O O
Nev
er
Seld
om
So
me 
time
s
Usu
ally
Alw
ays
Not 
App
l.
Shaking, shivering or trembling. O O O O O O
Excessive salivation. O O O O O O
Restlessness/agitation/pacing. O O O O O O
Whining. O O O O O O
Barking. O O O O O O
Howling. O O O O O O
Excessive chewing/scratching at doors, floor, 
windows, curtains, etc. O O O O O O
Loss of appetite. O O O O O O
Calm:  
little or

no special 
reaction
Mild—Moderate excitability: 
  
0...............1...............2...............3...............4
Extremely 
excitable: 
over-reacts, hard to 
calm down.
0 1 2 3 4
Not 
App
l.
When you or other members of the household 
come home after a brief absence. O O O O O O
When playing with you or other members of 
your household. O O O O O O
When doorbell rings. O O O O O O
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SECTION 6: Attachment and Attention-seeking 
Most dogs are strongly attached to their people, and some demand a great deal of attention 
and affection from them. Thinking back over the recent past, how often has your puppy shown 
each of the following signs of attachment or attention seeking?

SECTION 7: Miscellaneous 
Dogs display a wide range of miscellaneous behaviour in addition to those already covered by 
this questionnaire. Thinking back over the recent past, please indicate how often your puppy 
has shown any of the following behaviours:

Just before being taken on a trip or for a walk. O O O O O O
When visitors arrive at your home. O O O O O O
Nev
er
Seld
om
So
me 
time
s
Usu
ally
Alw
ays
Not 
App
l.
Displays a strong attachment for one 
particular member of the household. O O O O O O
Tends to follow you (or other members of 
household) about the house, from room to 
room.
O O O O O O
Tends to sit close to, or in contact with, you 
(or others) when you are sitting down. O O O O O O
Tends to nudge, nuzzle or paw you (or others) 
for attention when you are sitting down. O O O O O O
Becomes agitated (whines, jumps up, tries to 
intervene) when you (or others) show affection 
for another person.
O O O O O O
Becomes agitated (whines, jumps up, tries to 
intervene) when you show affection for 
another dog or animal.
O O O O O O
Nev
er
Seld
om
So
me 
time
s
Usu
ally
Alw
ays
Not 
App
l.
Chases or would chase cats given the 
opportunity. O O O O O O
Chases or would chase birds given the 
opportunity. O O O O O O
Chases or would chase squirrels, rabbits and 
other small animals given the opportunity. O O O O O O
Rolls in animal droppings or other ‘smelly’ 
substances. O O O O O O
Eats own or other animals’ droppings or feces. O O O O O O
Chews inappropriate objects. O O O O O O
Mounts’ objects, furniture, or persons. O O O O O O
Begs persistently for food when people are 
eating. O O O O O O
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If you have comments, please mention it in the text box below:

Steals food. O O O O O O
Nervous or frightened on stairs. O O O O O O
Pulls excessively hard when on the leash. O O O O O O
Urinates against objects/ furnishings in your 
home. O O O O O O
Urinates when approached, petted, handled or 
picked up. O O O O O O
Urinates when left alone at night, or during the 
daytime. O O O O O O
Defecates when left alone at night, or during 
the daytime. O O O O O O
Hyperactive, restless, has trouble settling 
down. O O O O O O
Often playful, boisterous. O O O O O O
Active, energetic, always on the go. O O O O O O
Stares intently at nothing visible. O O O O O O
Snaps at (invisible) flies. O O O O O O
Chases own tail/hind end. O O O O O O
Chases/follows shadows, light spots, etc. O O O O O O
Barks persistently when alarmed or excited. O O O O O O
Licks him/herself excessively. O O O O O O
Licks people or objects excessively. O O O O O O
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7.3. Puppy C-BARQ values for each breeder type 

A: occasional dog breeders: up to 9 dams on site 
B: occupational dog breeders: From 10 to 50 dams on site 
C: commercial dog breeders: More than 50 dams on site 
D: dog merchants: Up to 50 dams on site and more than 350 puppies sold yearly

Table Z: puppy C-BARQ VALUES (± standard deviation) for each breeder type
(n=203; Min. score value=0; Max. score value=4)
Small-scale breeders Large-scale breeders
A B C D MEDIAN
Stranger-Directed 
Aggression 0.34 (0.63) 0.34 (0.32) 0.16 (0.28) 0.18 (0.64) 0.27
Owner-Directed 
Aggression 0.26 (0.50) 0.12 (0.16) 0.22 (0.43) 0.10 (0.22) 0.20
Dog-Directed 
Aggression 0.60 (0.94) 0.19 (0.26) 0.38 (0.60) 0.36 (0.93) 0.45
Stranger-Directed 
Fear 0.42 (0.80) 0.55 (0.86) 0.51 (1.08) 0.17 (0.66) 0.38
Nonsocial Fear 1.00 (0.81) 0.77 (0.55) 0.96 (0.96) 0.66 (0.72) 0.89
Dog-Directed 
Fear 0.86 (1.01) 0.30 (0.33) 0.60 (1.00) 0.59 (0.78) 0.70
Separation-
Related Behavior 0.77 (0.66) 0.61 (0.67) 0.74 (0.62) 0.89 (0.72) 0.76
Attachment and 
Attention Seeking 2.02 (0.80) 2.08 (0.83) 1.81 (0.64) 2.09 (0.71) 2.00
Trainability 3.43 (0.76) 2.91 (0.96) 3.20 (0.73) 3.25 (0.53) 3.32
Chasing 1.19 (0.95) 1.21 (1.04) 1.03 (0.97) 0.69 (1.03) 1.07
Excitability 1.73 (0.87) 1.58 (0.88) 1.46 (0.83) 1.52 (0.89) 1.64
Touch Sensitivity 0.39 (0.69) 0.39 (0.59) 0.45 (0.89) 0.26 (0.58) 0.37
Energy Level 1.59 (0.75) 1.61 (0.56) 1.70 (0.91) 1.46 (0.71) 1.60
Dog Rivalry 0.33 (0.79) 0.25 (0.35) 0.50 (0.82) 0.10 (0.17) 0.31
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CHAPTER 7: 
GENERAL DISCUSSION

CHAPTER 7
The overarching purpose of this research was to describe current dog breeding practices and 
to assess the behaviour and health of puppies sold in Belgium. More specifically, we 
investigated the presence of a link between the source of acquisition and aspects important to 
the behavioural development of puppies on the one hand and to health management and 
biosecurity of the breeding facility on the other hand. Three studies were conducted in order to 
assess the breeders’ practices relevant for the aspects of interest and to assess the behaviour 
and the health of puppies before and after homing. This dissertation documents how the 
various types of dog breeders in Belgium operate and to which extent differences in outcomes 
are imputable to their organisation. Our research has also permitted the identification of areas 
where improvements are desirable and achievable.

Dog breeders vary greatly in the size of their operations and in the organisation of their breeding 
facility. This resulted in differences in organisation, in socialisation opportunities for puppies, in 
the risk and impact of disease, etc. Instead of generalising all dog breeders, in this research a 
tailored approach was retained by classifying dog breeder into different categories. The 
combination of an overview of current practices (chapters 3 and 4) together with measured 
outcomes on behaviour and health of puppies (chapters 5 and 6) gave insight into similarities 
and differences between different breeder categories and provided indications about the impact 
of the environment, shaped by the breeder. 

This broad and multidisciplinary approach tends to differ from most studies. Most investigate 
the environment shaped by the dog breeder focussing either on diseases and associated risk 
factors (Grellet et al., 2012a, 2014; Mircean et al., 2012; Scarlett et al., 1994) or on the 
behavioural development in early life (Gazzano et al., 2008; Harvey et al., 2016; Korbelik et al., 
2011; Taylor and Mills, 2007; Tiira and Lohi, 2015). However, as dog breeders operate with a 
convergence of both aspects, our research included both of these aspects. This enabled us to 
not only identify possible improvements for dog breeding practices, but also to provide non-
conflicting (Stepita et al., 2013) recommendations for pet dog breeders and contracting 
veterinarians towards improving welfare for breeding stock and limiting behavioural 
impairments and health issues of puppies. 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1. AREAS OF IMPROVEMENT IN THE CLASSIFICATION OF DOG BREEDER TYPES.

To date, dog breeders are categorised based on Belgian legislation, resulting in 7 categories 
(see introduction for a detailed description). Categorising dog breeders permits a risk-based 
approach and allows the institutions to legislate and regulate accordingly. However, the 
legislative categories revealed to have limitations. During our study, we discovered several 
issues with the existing classification for breeders. First, the thresholds applied by the 
legislative classification to define the size of a facility are very close. More specifically, 
differences between categories with regard to the number of dams are minimal, resulting in 
similar types of breeders being classified over multiple categories, which was expected. The 
similarity revealed to extend beyond the size of the facility. We observed similarities in 
organisation, management and practices. As a result, a relatively low variation was observed 
between legislative categories with regard to the number of dams (depicted in figure 7.1) and 
habits influencing the behavioural development of puppies (e.g., daily access outside, raising 
puppies in a household (chapter 3) and for commonly applied biosecurity measures 
(e.g.,quarantine of dogs, hygienic measures) (chapter 4). 
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Figure 7.1: Graphical representation of the number of dams on site for each legislative category
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Second, the legal classification revealed not to be respected by all breeders. Eighteen percent 
of breeders visited had more dams than allowed by their registration, and 12% of the breeders 
produced more litters yearly than allowed by their registration number (chapter 4). Additionally, 
some dog breeders combined two or more registration numbers for their breeding facility. This 
discrepancy caused even less variation between breeders than what was initially expected. 
Therefore, for the purpose of our research, the legislative categories were of little value. 
Consequently, we developed a different classification, by factor segmentation of breeders by 
means of the observed number of dams on-site and the declared yearly number of puppies 
sold. A segment was defined as a group of breeders that is organised and perform practices 
relevant to hygiene, health management, and behavioural development of puppies in a like 
manner. 

The number of dams on site (and, indirectly, the number of sires) was preserved from the 
original classification because it is easily applicable and was observed to be a valuable 
parameter to define the scale of a dog breeding facility. The thresholds were adapted to 
increase the inter-categorical variability. The yearly number of litters produced was evaluated, 
since this is the main determinant of the legislative categories and this number defines the 
number of production cycles throughout the year. However, since Belgian breeders are not 
allowed to produce more than two litters per year with one dam, both are somewhat redundant. 
Additionally, the annual production does not take into account the occupancy rate of the 
breeding facility since litter size varies greatly (Mickelsen et al., 1993; Okkens et al., 1993), nor 
does it reflect the span of trade activities. Therefore, our alternative classification retained the 
number of puppies reported to be sold per year. A detailed description of these categories can 
be found in chapter 3. With the new classification we defined thresholds based on the observed 
animals on site and used larger ranges between categorical thresholds. This resulted in a 
decrease in heterogeneity within breeder categories for general management (e.g., staff, 
children involved) and practices (e.g., hygienic measures, outdoor access), and an increase of 
between-breeder category heterogeneity, rendering it more useful. A graphical representation of 
this increased interclass heterogeneity is depicted in figure 7.2. The modified categories were 
used throughout all chapters in this dissertation. 
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Figure 7.2: Graphical representation of the number of dams on site for each alternative category

2. AREAS OF IMPROVEMENT IN THE TRACEABILITY OF DOGS WITH A FOREIGN ORIGIN

During this research, 29% of puppies had passports issued outside of Belgium, and 19% were 
imported commercially. In the veterinary screening of health, we found no significant difference 
in health issues for puppies originating from abroad. Higher occurrence of symptoms in these 
puppies revealed to be an age effect. Age fraud is often anecdotally reported by veterinarians. 
Not surprisingly, almost half of puppies with a passport issued in Czech Republic looked 
younger than the registered age. This suspicion, however, was not confirmed by the details 
provided about teething (chapter 6). A more thorough study of teething and other age-
parameters would be advisable to elucidate this discrepancy. Meanwhile, registration of all the 
important life stages of a puppy, from birth to homing and including veterinary check-ups, in a 
European database would facilitate governments to regulate and could possibly impede such 
fraud. 

Dog merchants involved in intracommunity trade anecdotally described the procedure as 
follows: puppies are acquired from whitelisted foreign merchants (mainly in Slovakia and Czech 
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Republic), which are subjected to comply to Belgian legislation and compliance is assured by 
local authorities. The whitelisted merchants source puppies from different sized local breeders. 
Upon departure from the country of origin, puppies are registered in the trade control and 
expert system (TRACES) and are delivered by registered transporters on a fixed day of the 
week. The breeds and number of acquired dogs depend on the offer and demand. One dog 
merchant stated that adherence to this arrangement is unsure because of the multiple players 
involved. A lack of transparency was anecdotally reported from participating veterinarians. A 
more detailed traceability is advisable, because, in analogy to production animals directed at 
the food chain, it could decrease the uncertainty and speculations surrounding international 
trade. For instance, the microchip number could be linked to a freely accessible European 
database reporting all movements of the puppy, including original breeder, consulted 
veterinarians, involved merchants and transporters. 

Interestingly, in chapter 6 we also collected data of imported puppies from neighbouring 
countries (7 from the Netherlands, 5 from France, out of 219) although these countries are 
almost absent in commercial import statistics (number of puppies registered in TRACES and 
imported into Flanders in 2016: 61 from France, 16 from the Netherlands and none from 
Germany). This means that the dogs imported from these countries were likely brought in via 
parallel import or may be subject to the illegal circuit. While parallel import of dogs is a 
fundamental right (treaty of Schengen), our findings confirm that it is not a marginal 
phenomenon. Because of the unregistered and uncontrolled nature of non-commercial 
transport of dogs, it possibly facilitates fraud and opens the door for illegal import, not only 
diminishing animal welfare but also increasing the risks of importing diseases. Illegal import of 
dogs from foreign countries is considered the main risk factor for rabies in Belgium (Sciensano, 
2019). While Intra-Community movements is of limited risk, isolated cases of rabies involving 
illegally smuggled infected dogs do occur. The risks of legal import is even more limited, at 
least if a proper immunization is achieved by respecting the schedules and minimal ages. A 
registration of non-commercial transport of dogs would be of added value. This would provide 
better statistics to identify the span of the problem, subsequently this would allow improved 
targeting of suspicious movements by authorities and more efficient control. 
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3. AREAS OF IMPROVEMENT IN CURRENT DOG BREEDING PRACTICES

From the results of our research and the available literature, we have identified areas of 
possible improvement with regard to early socialisation and environmental learning of puppies, 
health management, and biosecurity of the breeding facility. Although selection of breeding 
stock and mating strategies is potentially important for behavior and health, these breeding 
practices were out of scope of this research. Below, we focus on the implemented practices 
that tend to conflict with the current recommendations, practices that were applied at a 
relatively low rate, or practices that were poorly performed.

3.1. Dog breeding practices with a focus on behavioural development of puppies

3.1.1. Limiting situations perceived as stressful and threatening during early-life

Although stress is a fundamental ability of dogs, frequently or chronically elevated stress 
hormones may have detrimental consequences for welfare, health and behavioural 
development (see introduction for a detailed description). Unappropriated housing, such as a 
monotonous environment that limits the species-specific behaviour, causes an increase in 
frustration in adult dogs and, subsequently, stress (Protopopova, 2016). Nonsocial (Pullen et al., 
2010) and social enrichment (Hubrecht, 1993; Valsecchi et al., 2007) resulting in diverse stimuli 
is a strategy to limit these adverse effects (Wells, 2004).   In puppies, inappropriate housing may 
not provide a strong basis for proper socialisation (De Meester et al., 2005). Providing diverse 
novel stimuli is a common method for rearing puppies (Seksel et al., 1999). In our study, we 
observed a more enriched environment and a greater variety of stimuli at small-scale dog 
breeders (chapter 3). 

The absence of stimuli is not the only cause of stress. A major source of frustration and stress 
in animals is the lack of control over their environment (Mason et al., 2007). Obvious stressful 
stimuli, such as electrical shock (Solomon et al., 1953) or excessive noise (Beerda et al., 1997), 
have long been acknowledged. However, this also includes not being able to avoid contact with 
unfamiliar humans, such as visitors (Merola et al., 2012; Vas et al., 2005). Fearful reactions can 
even occur towards familiar humans, such as a caretaker (Lefebvre et al., 2009). In our study, 
owners that bought a puppy from an occasional breeder more often described their puppy as 
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fearful towards strangers compared to puppies from dog merchants (chapter 3). In parallel, 
puppies from commercial breeders performed more exploration of their pen (chapter 5) and 
were least often scored as fearful in a veterinary practice (chapter 6).

Contrary to common belief, it is safe to conclude there is no such thing as one common recipe 
to provide a social pet dog. Individual variation in stress susceptibility (Ebner and Singewald, 
2017) and coping with stressful situations (Koolhaas et al., 2010) has been recently 
acknowledged. Environmental learning by puppies is mainly the result of habituation (Appleby, 
1993). However, this only occurs when a weak stimulus is presented repeatedly (Rankin et al., 
2009). Providing a stimulus that an individual finds frightening will, contrary to the purpose, lead 
to sensitisation (De Keuster et al., 2015). Additionally, fearful reactions of the dam may reinforce 
the reaction of the puppies, because dams will act as a secure base (Previde et al., 2009).

Human-dog interactions might lead to conflicts because the behavioural responses of dogs to 
human-dog interaction may be misinterpreted and wrongly assessed. The communication of 
dogs is based on body postures and facial expressions and eventually includes physical 
contact. On the contrary, humans use verbal and tactile signals to communicate with dogs 
(Kuhne et al., 2012). Gaining knowledge in the behavioural repertoire of dogs will provide insight 
in the dog’s emotional state and its perception of the situation (Mariti et al., 2012). 

It is advisable for all breeders to provide appropriated housing, fulfilling physical needs, but also 
providing diverse stimuli (olfactory, auditory, visual) in the form of nonsocial and social 
enrichment to dams and puppies. Meanwhile, it is important to provide a dog with the choice to 
move away from a stimulus it finds frightening. Last, all persons involved in dog activities 
should gain knowledge of the canine behavioural repertoire and proactively adapt the situation 
and provided stimuli suited to the individual dog.

3.1.2. Children involved in daily care of breeding stock and puppies

Introducing children at an early age to work-related practices is a common phenomenon in 
small- and medium-sized family owned businesses (Birley et al., 1999). This is even more so the 
case in dog breeding facilities, where it is a popular belief that all puppies must interact with 
children as much as possible during the canine socialisation period (“Socialising puppies and 
dogs | Blue Cross,”). Half of the breeders (except merchants) involved under-aged children (< 
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16 years) in their daily practices. Involving children may be useful for the socialisation of 
children and of dogs, and could result in a possible decrease of inappropriate responses by the 
dogs towards children later in life (Arai et al., 2011). From a breeder’s point of view, the benefits 
of this practice can also represent a cost reduction, by reducing outsource to staff. However, 
there are a few caveats to this practice. First, dogs represent a risk for children since bite 
incidents are common and children are more likely to experience dog bites than adults (De 
Keuster et al., 2006; Schalamon et al., 2006). The responsible adult must supervise and should 
provide proper bite-prevention education for the children (Meints and de Keuster, 2009). This is 
even more so the case with pregnant dams who are prone to react more aggressively (Kustritz, 
2005). Second, children involved in the daily care must be educated properly and should be 
able to recognise stress signals while interacting with dogs (Mariti et al., 2012). Third, the 
general hygiene and biosecurity measures in the breeding facility, such as wearing gloves and 
boot covers or the use of dedicated clothes and equipment per compartment, must always be 
respected. Adapting biosecurity measures to the children’s age and situation is a necessity 
(Bradley, 2007). Lastly, the children should always be reminded of hygienic measures, so as to 
reduce their risk for contracting a zoonosis (Robertson et al., 2000). 

3.1.3. Raising puppies in a household-like environment

The presence of the household-like environment is inversely proportional with the scale of the 
breeding facility. The majority of occasional (88%) and occupational breeders (66%) declared to 
raise puppies at least partially in a household-like environment, while this practice is less 
common in commercial breeders (33%) and merchants (40%) (chapter 4). Raising puppies in a 
household-like environment is generally accepted as the best way to prepare dogs to future life 
as a companion dog. Providing the puppy with an environment that is similar to the 
environment after homing is very useful. It provides puppies with diverse nonsocial and social 
stimuli and better habituates them to the situations they most likely will encounter later in life. 
Additionally, most private houses are well insulated and equipped with temperature control 
(STATBEL, 2018) which results in more comfortable housing for young puppies. 

The greater fear perceived in puppies from occasional breeders after homing may indicate that 
the raising of puppies in a household-like environment may also entail certain attention points. 
The higher amount and intensity of stimuli in a household-like environment can, for some 
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puppies, be perceived as an excess. Loud TV-noises, grooming or even the presence of 
teenagers have been suggested to elicit fearful reactions. Therefore, a matching of the 
environment before homing to the environment likely to be experienced in adulthood, must be 
performed by assessing individual reactions of each puppy and by taking into account fearful 
personalities.

Additionally, the complexity of a furnished private home can be a challenge for proper cleaning 
and disinfection (Kagan et al., 2002). In essence, porous materials and fabrics have small 
interstices that can be resistant to biocides, making them more difficult to properly clean and 
disinfect. Frequent use of porous surfaces was observed most in the breeders that provided a 
household-like environment (chapter 4). Lastly, some human (electrical) appliances form a 
potential hazard for puppies who discover the world by snapping and biting.

An improvement for breeders that raise puppies in a household-like environment (essentially 
small-scale and occasional breeders) would be to limit the area of the household to which 
puppies have access. First, this will allow the breeder to have more control over the interactions 
of the puppy and limit the nonsocial and social stimuli perceived as stressful. Second, this will 
allow a better implementation of biosecurity principles (e.g., limitation of movements of 
inhabitants, restriction to cleanable surfaces) and a better prevention of hazards (avoiding 
power outlets and cables, small objects, etc.). Increasing the scale of the breeding facility in a 
household-like environment makes it difficult to implement these measures and maintain 
control. Instead of trying to create a household-like environment in large-scale breeding 
facilities, improvements for large-scale breeders would rather be to apply the biosecurity 
principles during the nonsocial and social enrichment, to respect hygienic measures when 
interacting with the puppies, and to organise the nursery in such a way that it provides a 
controlled amount of stimuli (Loveridge, 1998).

3.1.4. Daily outdoor access for puppies

Providing outdoor access has been described as a way to increase the activity level and 
mobility of adult dogs (Spangenberg et al., 2006), to provide environmental enrichment and to 
decrease the frequency of unwanted behaviours (Khoshnegah et al., 2011) generally associated 
with confinement of adult dogs in restricted indoor spaces (Hetts et al., 1992; Hurt and Croney, 
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2016; McMillan et al., 2011). The effect is expected to be of less importance for puppies in 
breeding facilities (Cannas et al., 2010), considering the short period at the breeder (chapter 3). 
Outdoors will provide additional nonsocial and social stimuli which may be interesting for the 
environmental learning and socialisation (e.g., discriminating between surfaces appropriate for 
urination and defecation and surfaces appropriate for other activities, more olfactory stimuli, 
larger exercise space, etc.).

A downside of providing outdoor access is that this is a less controllable environment, often 
containing uncontrolled stimuli (e.g., noises). A second downside is that common outdoor 
surfaces (e.g., grass, dirt) are difficult to clean and disinfect and may hasten the reinfection of 
environmentally stable pathogens. This downside, however, is easily corrected by paving the 
outdoor surfaces with concrete or pavement, which are easier to clean and disinfect (Dewulf 
and Van Immerseel, 2018). 

Organising a private outdoor area and increasing the awareness of the risks associated with 
(public) outdoor areas will limit health and behavioural threats, while increasing the welfare. All 
breeders should organise their private outdoor area to comply with the general biosecurity 
measures of the facility (e.g., divide exercise areas into different zones, one for each 
compartment, avoid crossing of compartments, etc.). Breeders anecdotally reported to 
consider the weather conditions before letting a puppy outdoors. However, a sheltered exercise 
area can be provided when the weather is not appropriate for young puppies (Loveridge, 1998). 
If a private outdoor area is not available, specific considerations should be made before 
allowing puppies into public areas. First, to confront a young puppy with multiple new situations 
will increase the risk of stimuli at an intensity above its stress threshold. Second, a higher venue 
of conspecifics will increase the soil load and thus the risk of contracting pathogens (Martínez-
Moreno et al., 2007; Overgaauw and van Knapen, 2013; Smith et al., 2015). Lastly, a seasonal 
effect can be expected for common canine pathogens (Gordon and Angrick, 1986; Rika-Heke 
et al., 2015). If no private outdoor is available, breeders should avoid public areas with high 
attendance in their neighbourhood and adapt their habits in order to avoid the highest pathogen 
load (Westgarth et al., 2010). An improvement for all breeders would be to provide more control 
over every outdoor situation. 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3.1.5. Providing toys to puppies

In this research, all breeders were observed to provide toys to their puppies (chapter 3 and 6). 
Toys provide diverse, nonsocial stimuli to puppies, support exploratory behaviour, and favour 
the environmental learning (Pullen et al., 2010). Toys not only enrich the environment but also 
permit puppies to explore different textures, noises, shapes, etc. Additionally, chewing toys 
supports the development of masticatory muscles and helps the transition from suckling to 
chewing (Iinuma et al., 1991). However, research on the value of toys for puppies revealed that 
not all toys elicit the same quality of interaction (Hubrecht, 1993; Pullen et al., 2012, 2010). 
Inappropriate toys (or the ones that elicit an inappropriate behaviour) may create possible 
health hazards for puppies (Hayes, 2009). 

Toys must be suited (size, weight) and safe (strength, hardness, shape, materials) to the age 
and size of the puppies. A crucial part of providing toys consists of observation: individual 
preferences exist (Hubrecht, 1993) and some toys may elicit aggression between dogs. General 
principles of biosecurity apply for toys as well: toys can be dedicated per compartment or 
cleaned when rotating between compartments. It is advisable to use only toys that are able to 
withstand wear and can be cleaned and disinfected, or that will be disposed of after use. It is 
preferable to include toys in the cleaning routine. Suspended toys should be considered 
because they increase the mental and physical stimulation, while facilitating cleaning 
procedures.

3.2. Dog breeding practices with a focus on health management

3.2.1. Vaccination of breeding stock and puppies

Vaccination is defined by the World Health Organisation (WHO) as the active immunisation of an 
individual against a particular disease by administration of a biological preparation (“WHO | 
Vaccines,” 2017). International scientific recommendations identify core vaccines, that all dogs, 
regardless of the circumstances, should receive. They protect dogs from severe, life-threatening 
pathogens that have a global distribution, including CDV, CAV, and CPV2 (Day et al., 2016). 
Additionally, vaccination does not significantly contribute to ill-health in companion animals 
(Day, 2006). Available data suggest that the overall prevalence of true adverse reactions to 
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vaccination is exceedingly low: retrospective studies in the US revealed that 0.4% of dogs 
presented vaccine-associated adverse events (Yao et al., 2015; Moore et al., 2005). 

Vaccination also prevents and controls infectious diseases at the level of the breeding facility. 
The vaccination of breeding stock will protect not only sires and dams, but also puppies 
through passive immunisation. The passive immunisation will depend on several factors, 
ranging from the personal immuno-competence of the puppy (Toman et al., 2002), to antibody-
levels of the dam (Coyne et al., 2001). Maternally derived antibodies (MDA) are mainly obtained 
by ingestion of colostrum (Pollock and Carmichael, 1982) and marginally by transplacental 
transfer (Stoffel et al., 2000). MDA will interfere with the active immunisation one wants to 
achieve with vaccination (Day, 2007). As a result, immunisation of young puppies is not 
straightforward (Decaro et al., 2005). 

In our study, vaccination of breeding stock was declared to be applied at high rate by 
merchants, commercial, occupational and occasional breeders (100%, 100%, 93% and 85% 
respectively) (chapter 4). Further improvements can be made by following the actual scientific 
guidelines when vaccinating breeding stock with core vaccines (Day et al., 2016). Breeding 
stock acquired as a puppy should be vaccinated at 16 weeks of age and receive a booster 
injection following the primo-vaccination 12 months later (Schultz et al., 2010). Iteration should 
not be more frequently than every three years, because the duration of immunity is many years 
and may, in fact, last for the lifetime of the pet (Schultz et al., 2010)

Although we collected that the importance of vaccination of puppies is widely acknowledged 
and primo-vaccination of puppies is highly applied, ranging 89% to 97% depending on breeder 
category (chapter 6), improvements are possible and advisable. Considering the high 
vaccination rate of breeding stock (chapter 4),  it is to be expected that most dams will have 
high titres against CPV. They will transfer enough MDA to their offspring (Hernández-Blanco 
and Catala-López, 2015). Primo-vaccination of puppies however, will only provide the aimed 
immunisation once MDA are sufficiently decreased (De Cramer et al., 2011; Winters, 1981), 
generally somewhere between 8 and 16 weeks. Core vaccines administered shortly before 
homing (i.e., at 8 weeks) should, therefore, be repeated at 12 and 16 weeks (Day et al., 2016). A 
vaccination of puppies younger than 8 weeks is facultative when a passive immunisation by the 
dam was provided.
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An additional recommendation towards dog breeders (and veterinarians performing puppy 
consultations) is to inform dog owners of this current scientific consensus. These 
recommendations can diverge from the information that can be found in the package insert of 
the vaccine (i.e., vaccination at 6, 8 and 12 weeks only). Although the vaccination schedule that 
appears in the package insert has been reviewed and approved by the licensing authorities, the 
practical use of the vaccine in the field can deviate from this official schedule. Furthermore, new 
scientific data can modify the vaccination approach, but the respective changes in the 
regulations can take several years before coming into force (Thiry and Horzinek, 2007).

The vaccination scheme can be further improved by the contracting veterinarian based on 
regional prevalence (e.g., leptospirosis) in outbreak situations or in case of suspicion of disease. 
The adjustments can be guided by additional diagnostics, for instance it is possible to check 
the number of antibodies in the breeding animals by performing a titration (Twark and Dodds, 
2000). Measuring a dog’s titre of antibodies specific to a particular pathogen gives insight into 
the active immunisation state of the dog. When performed after vaccination, this practice 
ensures a proper seroconversion. Titration permits the contracting veterinarian to customise the 
vaccination protocol according to actual immunisation state instead of applying an approximate 
scheme. Sometimes, titration can reduce the number of vaccinations, for instance, when it 
appears that a dog still has a sufficient amount of antibodies at the time of a booster 
vaccination. 

Vaccination has no particular goal with regard to the behavioural development and the effect of 
vaccination on welfare and behavioural development was not researched. However, low-stress 
handling has to be retained, especially when performing a vaccination of puppies. Because 
performing the titration (i.e., blood collecting by means of venipuncture) can increase stress 
(Hennessy et al., 1998), it is preferable to either establish a positive association with 
veterinarians before blood collection, or to refrain from titration until adult age.  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3.2.2. Endoparasite control (deworming) of breeding stock and puppies

Endoparasite control of breeding stock and puppies, especially deworming, has two major 
aims: to kill helminth infestations that are potentially harmful for dogs and/or humans and to 
reduce the amount of helminth eggs shed into the environment. Hereby, deworming reduces 
helminth infection of unweaned puppies, limits zoonoses, and increases the health and welfare 
of the breeding dogs. Low-stress handling or creating a positive association with performing 
the deworming will limit the impact on the emotional health of the puppy. An additional benefit 
is an optimised food conversion of breeding dogs and growth of puppies. 

All commercial breeders and merchants (100%) and the vast majority of occupational (95%) 
and occasional breeders (85%) declared in our survey to apply routine deworming of breeding 
stock (chapter 4). All merchants, commercial and occupational breeders (100%) and the vast 
majority of occasional breeders (95%) also declared to perform regular endoparasite control of 
their puppies (chapter 4). However, the anecdotal data that we collected does not indicate 
proper knowledge of the current scientific guidelines, which is to apply a broad-spectrum 
anthelmintic treatment in adult dogs every season, and to treat all puppies at 2, 4 ,6 and 8 
weeks, subsequently monthly to six months of age (ESCCAP, 2010). An improvement would be 
to perform endoparasite treatment following these guidelines.

Additionally, in our study, a moderate number of owners (58%) declared to their veterinarian 
during the first puppy consultation that their puppy was dewormed at least once by the breeder 
(regardless of breeder category). Surprisingly, only few owners (23%, regardless of the breeder 
category) had a detailed knowledge about the deworming status of their puppy (chapter 6). An 
improvement would be that all breeders (and veterinarians performing puppy consultation) take 
the time to provide clear information (e.g., handouts) to dog owners of previously performed 
endoparasite control and to provide future treatment recommendation based on the current 
scientific consensus. 

Last, in our study a combined formulation of metronidazole and spyramicin was found to be 
routinely administered to puppies suspected of, but not diagnosed with, giardiasis (chapter 4). 
The contracting veterinarian should always be contacted in case of an outbreak or suspicion of 
disease so as to perform additional diagnostics and, if necessary, apply therapeutic strategies. 
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3.2.3. Use of antimicrobials in pregnant dams and puppies

The periparturient period is undoubtedly the period with the highest risk of disease transmission 
and antimicrobial treatments (i.e., amoxicillin-clavulanic acid or cephalosporins) are readily 
available and applied during this period (Milani et al., 2012; Münnich, 2008). However, the use 
of these protocols may, contrarily to their purpose, give rise to unwanted or even dangerous 
circumstances such as the development of drug resistance. Antimicrobial resistance in dogs 
has already been shown for Enterococcus strains and Staphylococcus strains (Bramble et al., 
2011; De Graef et al., 2004; Rota et al., 2013), which can be the result of misuse in breeding 
kennels (Rota et al., 2011). Even more, the utility of such practice with regard to morbidity and 
mortality is questionable (Milani et al., 2012). In our study, a considerable part (ranging 13-24%) 
of the questioned breeders declared to administer antimicrobials systematically to dams around 
parturition (chapter 4). To what extent antimicrobials could play a role in neurotransmission and 
behavioural development of dogs is currently unknown. An improvement is to abandon 
systematic administration of antimicrobials. Any kind of antimicrobial treatment should always 
be based upon correct diagnosis of the pathogen and ideally an antibiogram, to prevent 
antimicrobial resistance.

3.3. Dog breeding practices with a focus on biosecurity

3.3.1. Quarantine of externally acquired dogs

Our results indicated that breeders regularly acquire dogs (i.e., puppies) from external sources 
(annual renewal average is 11% of the breeding stock) to maintain or increase their breeding 
stock (chapter 4). Because it is a mandatory measure for certain breeder categories (RD 
27/04/2007), we found that quarantine was implemented by all commercial breeders (100%), 
moderately by merchants (71%) and rarely by occupational and occasional breeders (25 and 
3% respectively) (chapter 4). We collected anecdotally, however, that the method of 
implementation of quarantine is questionable. First, it is advisable that during quarantine, all 
animals suspected as carrier of pathogens are segregated in a dedicated compartment, until 
these animals have been observed for a minimum time frame or tested to be pathogen free. It is 
also mandatory that, during this period, the caretaker complies to the hygienic measures in 
order not to break the compartmentalisation. This means washing hands and changing 
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footwear or using disposable gloves and boot-covers before entering and after leaving the 
quarantine, and reserving apparel and equipment dedicated to this quarantine. The use of a 
specific colour scheme for the quarantine is a practical way to make these perceptible to all.

In our study we also observed anecdotally that the implementation of quarantine could result in 
complete isolation. For dogs, restricting the ability to engage in species-specific behaviours 
(Taylor and Mills, 2007), for instance by spatial and social isolation, is a stressful situation 
(Hennessy et al., 1997). Effects of longer duration of sheltered dogs (which provide similar 
segregation to quarantine) are contradictory (reviewed by Protopopova, 2016). However, 
prolonged stressful situations may introduce behavioural impairments of breeding stock 
(McMillan et al., 2011) which possibly transfers to offspring (Cushing and Kramer, 2005). 
Improvements in the housing conditions during quarantine are advisable. The quarantine room 
must therefore not only comply to the physical needs (e.g., minimal space, control of 
temperature and ventilation, natural light schedule, etc.) but also provide social and nonsocial 
enrichment to fulfil the emotional needs of dogs of different ages (Coppinger and Zuccotti, 
1999; Hubrecht, 1993). 

Social enrichment without breaking the compartmentalisation can be achieved, not only by 
quarantining pairs or groups of dogs during the quarantine period, but also by providing regular 
positive interactions with the caretakers. During social interactions, limitations of the quarantine 
can be respected by endorsing strict hygienic measures such as a hygiene lock, proper hand 
hygiene, dedicated apparel and equipment. In larger facilities, a caretaker dedicated to the 
areas at risk (e.g., quarantine, sick bay, etc.) could be considered. Non-social enrichment is 
possible by providing toys that are not only safe and stimulating, but that also are able to 
withstand wear and are routinely cleaned and disinfected. Alternatively, these toys could be 
dedicated to the quarantine pen and then thrown away. Creating more stimulating premises, for 
instance by including a platform, can also be considered, as long as cleaning and disinfection 
possibilities are addressed in the added complexity.

3.3.2. Regulation of visitors in the maternity ward.

The maternity ward is the place where the dam is isolated and where puppies are housed until 
weaning. Providing a maternity ward accommodates the natural behaviour of the expectant 
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dam, who prepares for the birth by withdrawing from her usual social interactions. She 
becomes more sedentary and prepares a "nest" site (Kustritz, 2005). Visitors can be granted 
access for different reasons (e.g., veterinarian, future owner, maintenance technician, etc.). 
Occasional breeders grant access more easily (43%) while this practice is more limited by 
occupational breeders, commercial and merchants (24%, 14% and 13% respectively) (chapter 
3). Based on previous research, visitors could be perceived as a social enrichment for the dam, 
and could counter the stress associated with confinement (Beerda et al., 1999; Mariti et al., 
2014). However, the interaction provided by strangers will most likely be a less positive 
interaction than interaction with familiar humans, and can even, by some dams, be perceived as 
a threat (Kuhne et al., 2014; Vas et al., 2005). Therefore, the temperament of the dam must 
always be taken into account when deciding to allow visitors access to the maternity. In 
mammals, repeated exposure to unpredictable stressful situations may not only suppress the 
immunological activity of the dam (Sapolsky et al., 2000) but may also influence the maternal 
behaviour (Bosch and Neumann, 2012; Neumann et al., 2005) and will negatively impact the 
immune response (Tuchscherer et al., 2002) and the early behavioural development of the 
offspring (Austin et al., 2005; Braastad, 1998; Czerwinski et al., 2016). 

Additionally, puppies in the maternity are the most at risk to contract a disease because of their 
immature immunity and their higher susceptibility for common pathogens (Day, 2007; Münnich 
and Lübke-Becker, 2004). Therefore, limiting and regulating visitors in the maternity ward will 
not only limit unpredictable stressful situations but will also decrease the risk of entrance of 
pathogens in the maternity. Regulating the access to visitors is common practice in merchants, 
commercial and occupational breeders (100%, 100%, and 89% respectively) and is fairly 
common in occasional breeders (78%) (chapter 4). The risks associated with an unregulated 
access of visitors seems to be least acknowledged in occasional breeders, especially if the 
visitors are familiar persons or relatives. Puppies from this category were found by their owners 
to be more fearful towards strangers compared to the puppies from merchants, and also 
showed more fear-related behaviour in the veterinary practice compared to puppies from 
commercial breeders (chapter 6). 

An improvement would be to limit visitors to only those that are absolutely necessary (e.g., 
primary caretaker, veterinarian in case of disease, future owner) and by regulating and 
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supervising all access to the maternity ward. Because the primary caretaker will mostly function 
as a secure base (Gácsi et al., 2013; Horn et al., 2013), there are indications that positive 
interactions with the dam and early gentling of puppies should be procured mainly by the 
caretakers. With the omnipresence of cameras and social media, there is no need to provide 
access to the maternity for future owners. Also professional visitors (e.g., veterinarians) should 
be limited to the necessary. Regulation would permit the breeder to ensure that all visitors are 
properly educated when interacting with the dogs in the maternity ward (Firnkes et al., 2017). 
Essentially, regulation of visitors is advisable because it will support the behavioural 
development of puppies and limit the risks of disease.

3.3.3. Pest control

Pests are considered to be all animals that are detrimental to a human activity or that form a 
nuisance to humans, companion and production animals. In dog breeding activities, rodents, 
birds and arthropods (all insects and arachnids, but i.e., ectoparasites) can be considered as 
pests, mainly because of their negative impact on the hygiene and health management of the 
facility. During large infestations, rodents will damage premises and equipment and consume or 
spoil food, increasing all-round costs. Also, rodents (Jansen et al., 2005), insects (Shaw et al., 
2009) and ticks (Solano-Gallego et al., 2016) can harbour and spread canine pathogens (Day, 
2011). Finally, most pests will impact the fitness and welfare of stocked animals. In our study, 
rodent control was frequently applied by commercial breeders (86%), moderately by merchants 
(50%) and seldom by occupational and occasional breeders (24% and 17% respectively). On 
the contrary, control of arthropods (mainly by ectoparasitic treatment) was performed 
moderately by occasional and occupational breeders (43% and 49% respectively) and seldom 
by commercial breeders and merchants (29%) (chapter 4). In our screening of health after 
homing, 13% of all puppies were infested by ectoparasites (mainly Ctenocephalides felis), 
regardless of breeder category (chapter 6).

Pests will generally only be recognised when large infestations are present. The caretakers 
should check regularly for the presence of pests by placing specific traps (rodents) and 
grooming the dogs (arthropods). Because of the variety of pests, it is necessary to implement 
the right measures depending on the pest identified (e.g., specific rodenticide at key locations 
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and limiting propitious material for nesting in order to counter a large rodent infestation). The 
staff performing pest control should limit the stress for the dogs, ideally making all handling a 
positive experience. Specifically when applying topical formulations (i.e., ectoparasitic 
treatment) on puppies, a low-stress handling is advisable. 

Good pest control starts with appropriate detection and identification of the pest. It supports 
the applied biosecurity measures (e.g., damaged surfaces are harder to clean) and counters the 
negative impact on physical (i.e., introduction of pathogens) and emotional (e.g., itch, sleep 
disruption because of nocturnal activities) health of all housed dogs. 

3.3.4. Hygienic measures at the maternity ward and the nursery

General hygienic measures are aimed at limiting the spread of pathogens between the dam or 
her offspring and dogs from other compartments (e.g., weaned puppies, adult dogs). Hygienic 
measures will also reduce the entrance of pathogens from outside (e.g., veterinary practice, 
other kennels) and additionally limit the zoonotic risks. Pregnant dams and young puppies are 
less immunocompetent than dogs of other ages and are more at risk for contracting a disease 
(Evermann and Wills, 2011; Ronsse et al., 2005). Later, at age of weaning, puppies are most at 
risk for enteric pathogens (Grellet et al., 2014, 2012b). These pathogens originate from adult 
dogs, environment or vectors, and are mainly transmitted via faecal-oral route (Patel and 
Heldens, 2009; Sokolow et al., 2005).

 Hygienic measures consist of routinely washing hands, wearing appropriate footwear, the use 
of dedicated apparel, etc. Handling of neonate puppies is common practice for paediatric care 
(Lawler, 2008) and additionally ensures improved behavioural development (Gazzano et al., 
2008). Since tactile contact between caretaker or visitors and dogs is mainly performed with 
hands, hand hygiene is of utmost importance. Footwear hygiene and dedicated clothes will limit 
the spread of pathogens through fomites and decrease the entrance of pathogens into the 
maternity. Not only the staff, but also the visitors must be made aware of this. Routine 
application of hygienic measures in the maternity ward was often absent in small-scale 
breeders (adoption rate: 21%) and only moderately present in large-scale breeders (60%), with 
33% even limiting hygienic measures to hand hygiene (washing hands or wearing disposable 
gloves) only. The adoption rate of routine hygienic measures in the nursery was even lower in 
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large-scale breeders (33%) and almost non-existent in small-scale breeders (8%) (chapter 4). 
This is alarming considering the widespread of enteric viruses (i.e., CPV and CCoV). The 
presence of enteric pathogens could be a direct result of the poor implementation of hygienic 
measures. Because the absence of hygienic measures will increase the risk of transmission of 
pathogens (Hoelzer and Parrish, 2010), all breeders would stand to benefit from implementing a 
routine application of hygienic measures.

3.3.5. Cleaning procedures at the maternity ward and the nursery

Cleaning is the process of removing organic material and the majority of the microbial 
population. Because maternal pathogens (e.g., E. coli, B. bronchiseptica, Streptococcus spp., 
Staphylococcus spp.) can cause neonatal morbidity and puppy mortality (Münnich, 2008; 
Nielen et al., 1998). Puppies at weaning age are also at risk, especially for enteric pathogens. 
Common in breeding facilities are: T. canis, Cystoisospora sp., Giardia sp., Hammondia-like 
protozoa, CPV, CCoV, and E. coli (Claerebout et al., 2009; Dupont et al., 2013). 

During our study, daily removal of faeces was a practice widely applied in all breeder categories 
(on average once or more daily) in maternity ward and nursery. A thorough wet cleaning 
procedure was declared to be performed twice a week on average, regardless of breeder 
category (chapter 4). Forty-eight breeders declared to perform a wet cleaning once a week and 
six of them declared to perform it even less often. The widespread of enteric viruses could also 
be a result of incorrect cleaning procedures, or insufficient cleaning application, although this 
was not investigated.

Cleaning will effectively reduce the environmental load of most pathogens (Dewulf and Van 
Immerseel, 2018) and therefore limit neonatal diseases caused and faecal-oral transmission. 
Additionally, choice of detergent should always be based on the surface-type that is to be 
cleaned (Dewulf and Van Immerseel, 2018), and the maternity ward or nursery should be empty 
during the soaking of surfaces until completely dry. This will not only minimise puppies’ 
exposure to high humidity (Xong et al., 2017) but will also limit the persistence (Olson et al., 
1999) and dissemination  (Exner et al., 2004) of pathogens in moisture. Therefore, all breeders 
stand to benefit from reconsidering their current cleaning strategy and implementing cleaning 
procedures recommended specifically for dog facilities (Gilman, 2004).
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Cleaning of the maternity ward and nursery has no particular goal when it comes to behavioural 
development; however, concerns can arise regarding stressful or negative interactions. Entering 
the pen multiple times a day to remove faeces implies an interaction with the dam and her 
puppies. Regular interactions with the caretaker can be regarded as social enrichment 
(Lefebvre et al., 2009; Menor-Campos et al., 2011), precluding negative interaction. For 
instance, the use of high pressure equipment can be perceived as stressful (Castelhano-Carlos 
and Baumans, 2009; Coppola et al., 2006), and dam and puppies should not be nearby. If the 
interactions are positive and well-controlled, they can increase the welfare of the animals in the 
maternity ward, as this will serve as social enrichment and environmental learning. Additionally, 
it will provide a habituation to diverse environmental stimuli and to humans performing actions 
such as cleaning. In essence, a puppy must have the choice to move away from a stimulus it 
finds frightening, or it should not be present during the stimulus.

3.3.6. Disinfection of the maternity ward and the nursery

Disinfection is the process of decreasing the number of (or ideally destroying all) pathogens that 
remain after cleaning and has been proven to minimise diseases caused by pathogens. 
Because pregnant dams shed more pathogens and puppies in the maternity ward are most at 
risk (Münnich and Lübke-Becker, 2004; Schäfer-Somi et al., 2003), particular attention to the 
disinfection of the maternity ward and the nursery is required.

The success of disinfection will first and foremost depend on the precedent cleaning procedure 
(Terpstra et al., 2007). The organisation and surfaces of the maternity, including the whelping 
box, should be chosen on account of being easily cleanable and should not interact with the 
disinfectant (Böhm, 1998; L.J. Kagan, A.E. Aiello, 2002). The choice of disinfectant should be 
made with consideration for the targeted pathogens and the surface-types in the maternity 
(Eterpi et al., 2009; Fiechter et al., 2012). A proper application of the disinfectant, such as 
contact time, is necessary to ensure that the aimed pathogen reduction will be achieved in a 
considerable manner (Dewulf and Van Immerseel, 2018).

In our study, lower rates of disinfection were reported by occasional and occupational breeders 
(20% and 31% respectively) compared to merchants (88%), with commercial breeders in 
between (57%). These results indicate that there is room for improvement. Additionally, the 
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whelping box was frequently made of porous materials in all breeder categories (ranging from 
33% to 71% depending on breeder category) which is more difficult to clean and disinfect 
properly (chapter 4). Fortunately, the scale at which occasional breeders operate results in 
production cycles that may be too far apart for most pathogens to remain virulent in the 
whelping box. However, the broad use of antimicrobials in pregnant dams around parturition 
(14% of all breeders) and in puppies (10% of all breeders) reported in chapter 4, may suggest 
the presence of recurrent infections (Milani et al., 2012). All breeders in all categories stand to 
benefit from gaining knowledge about the basic principles of disinfection. Because exposure to 
disinfectants can be harmful, it is advised to disinfect only when the room is empty and to let 
the puppies (and if present; the dam) back in only after all surfaces have completely dried.

Disinfection of the maternity ward and nursery has no particular goal with regard to the 
behavioural development and the effect on canine behaviour was not studied. However, the 
application might solicit reactions from the dam and her puppies. A thorough cleaning followed 
by disinfection can disrupt the olfactory landmarks and thus create a stressful situation (Taylor 
and Mills, 2007). 

4. LIMITATIONS OF THIS RESEARCH

This research project pioneered the investigation of breeder type at the convergence of behavioral 
development and biosecurity. Considering the provided funding, existing literature, available 
assessment tools, required manpower and planned time, we focussed on developing the required 
tools and performing exploratory data collection and analysis. The methodological limitations 
were reported in the discussion of every research chapter. Recommendations towards 
researchers on how to address these limitations have been described in section 5.3. During this 
research, causation has not been investigated and associations reported in this dissertation 
should be interpreted and communicated accordingly. 
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5. RECOMMENDATIONS FOR EDUCATION, REGULATION, AND FUTURE RESEARCH

5.1. Education of dog breeders, contracting veterinarians and dog owners

More education on the principles of facility health management and biosecurity should be 
directed towards dog breeders and contracting veterinarians. Additionally, the actual scientific 
consensus surrounding vaccination and deworming should be easily available to contracting 
veterinarians. This would permit them to optimally guide dog breeders and ultimately 
recommend good vaccination and deworming practices to dog owners. Training of the 
contracting veterinarians could be realised by means of providing specific continuing 
education. In extension; the curriculum of small animal veterinarians could also include 
education on the guidance and medicine of dog facilities such as breeding kennels and 
shelters. In parallel, it is advisable to provide better education on the behavioural development 
of dogs and how to recognise stress signals in dogs for the dog breeders and future owners. 
Ideally, only persons that possess sufficient knowledge should be allowed to breed or sell dogs; 
for instance, by having to pass an exam to obtain a license or accreditation.

5.2. Recommendations towards the regulation of dog breeding facilities

As demonstrated in this research; the actual legislative classification of dog breeders is 
complicated, moderately applied in the field and mostly unknown by dog owners. It is advisable 
to reduce the current classification to fewer categories, separated by more distinct thresholds, 
and incorporate these categories into all bills regulating dog breeders. The classification of dog 
breeders should refrain from using suggestive nomenclature such as hobby or commercial, and 
the breeder category should be communicated clearly and compulsory towards potential 
buyers (the name and description instead of a registration number).

In order to limit the illegal circuit; all breeders categories should be registered. An improved 
traceability could be achieved by registering foreign origin and all intermediates, also for dogs 
that are the subject of parallel import. 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5.3. Future research

During this research, we developed or modified several tools. The development and the 
modifications were necessary because at the onset of this project, no tools were available to 
achieve aimed purposes. However, more research is needed to test these tools in similar 
settings within different populations. For instance, a validation procedure of the behavioural 
questionnaires could be considered by matching the outcomes of the behavioral assessment 
by the veterinarian and the owner-directed questionnaire with a thorough consultation 
performed by a board-certified veterinary specialist in canine behaviour.

We retained a methodology that focussed on exploratory data collection and analysis. This 
approach permitted to describe husbandry practices at the convergence of behavioral 
development of puppies and biosecurity measures of the breeding facility and observe 
differences in behaviour and health. A more conclusive comparison of dog behaviour with 
regard to the origin could be achieved in an experimental setup. Additionally, the assessment of 
puppies and their functionality as a companion dog, would include repeated behavioural 
observations of the puppy and, later in life, of the adult dog. The application of biosecurity 
measures by dog breeders should ideally be measured by systematic observation instead of 
breeder declaration, and preferably by measuring several components of health and hygiene 
(e.g., incidence of disease, use of antimicrobials, bacterial load on surfaces). Ideally, these 
studies would be not limited to Belgium but be performed at European level in various 
populations.

During this research, we identified various gaps in current knowledge. The importance of 
coping styles in dogs and the influence of early personality and the development of undesirable 
behaviours such as stranger-directed aggression and fear remains to be elucidates. 
Additionally, more research is desirable about early-environmental factors of a dog’s 
personality. We encountered several setbacks that mainly resulted in moderate sample sizes, 
therefore limiting the impact of our results. Replication of some of our studies could include 
modifications in methodology to increase the sample size. For instance, the behavioural 
assessment and screening of health could be reiterated by sampling puppies during 
identification (i.e., chipping) and registration instead of during the first puppy consultation.  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SUMMARY
The increasing popularity of dogs has provoked a shift in breeding practices, giving rise to a 
societal debate on intensive dog breeding. The environment shaped by the breeder plays an 
important role in the behavioural development of puppies, and adverse situations at the breeder 
can result in behavioural impairment later in life. There exists great variability between different 
dog breeding facilities, and inferiority of puppies originating from intensive breeding facilities is 
suggested. To date however, no systematic investigation of the various breeding systems has 
been performed. 

The environment at the breeder can harbour various pathogens that will impair the puppies’ 
health and welfare or represent a zoonotic risk, and puppies and pregnant dams are more at 
risk to contract a disease. Appropriate strategies to maintain biosecurity, that also take into 
account environmental factors, are of utmost importance to limit disease. However, guidelines 
on how to improve socialisation and environmental learning practices without compromising 
the welfare and health of puppies in intensive dog breeding are currently lacking. 

It is crucial to characterise the current husbandry conditions at different breeder types that may 
influence the health, hygiene, socialisation, environmental learning, and welfare. Subsequently, 
measuring behavioural and health outcomes in relation to the environment will provide potential 
areas of improvement. Finally, an evaluation of pet dog behaviour shortly after homing will help 
to assess the differences between dog breeder types, as perceived by the owner after the sale. 

To assess all factors that influence the behavioural development and the health of puppies 
during their time at the breeder a multidisciplinary approach is required.

First, we conducted a cross-sectional study, that revealed considerable variability in 
environment among dog breeders. Small-scale breeders, and especially occasional breeders 
(less than 10 adult dogs on site) provided most enrichment, both social and nonsocial, by, for 
instance, providing more outdoor access for pregnant dams and puppies or by providing 
access to visitors more freely. Environmental stimuli were less controlled in occasional 
breeders, raising the debate about quantity versus quality of stimuli at a young age. Large-scale 
breeders declared to screen potential owners less intensely and the time to advise them was 
limited.
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Second, we conducted a cross-sectional study of health management and biosecurity 
measures in 102 Belgian dog breeding facilities. Veterinary prophylactic protocols (i.e., 
vaccination, endoparasite control, ectoparasitic treatments) were mostly highly implemented 
across all breeder categories. 13.8% of all visited breeders reported to administer 
antimicrobials to each female post-partum and 10.3% reported to treat all puppies, or at least 
of one breed, systematically with antimicrobials. Large-scale breeders reported to employ staff 
more frequently, and appeared to be more familiar with the principles of biosecurity. Compared 
to small-scale breeders, they reported to apply disinfection more often at the adult dogs and at 
the maternity ward. They also reported to apply hygienic measures more often at the maternity 
ward and the nursery and had a tendency to apply hygienic measures more often at the adult 
dogs and to quarantine newly acquired dogs more often compared to small-scale breeders. 
Nonetheless, a moderate knowledge and use of disinfection was recorded.  Pet dogs were 
found to be present at all breeder categories, breaking the rules of compartmentalisation.

Third, we conducted a longitudinal study where 107 puppies from 23 litters in their pens were 
observed during rest and while being subjected to a nonsocial and social novel disturbance, 
one week before homing, at the mean age of 9.4 weeks (standard deviation ± 2.9). Puppies 
from commercial breeders showed more exploration activity compared to puppies from 
breeders of other categories in all contexts. These puppies also spent proportionally more time 
investigating the novel object compared to puppies from merchants and had more interactions 
with littermates during the novel object disturbance. No differences in the frequency of social 
conflicting signals in any of the contexts could be identified between breeders. 

Last, a cross-sectional study of newly acquired puppies was conducted in 20 veterinary 
practices. Puppies were assessed on their behaviour, both by the veterinarian and by the 
owner, and on general health. Puppies from dog merchants were more often presented to 
veterinarians because of illness compared to puppies from occasional breeders. Puppy age 
was not significantly associated with any items from the behaviour assessment by the 
veterinarian. Puppies originating from commercial breeders were scored as less fearful than 
puppies bred by occasional breeders, and owners of puppies originating from occasional 
breeders also scored their puppy higher on stranger-directed aggression and fear, and on 
nonsocial fear than owners of puppies originating from dog merchants. Puppies from 
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occupational breeders were found to be more passive compared to dogs from occasional 
breeders, commercial breeders and merchants.

The results of this research indicate that there is substantial room for improvement in hygiene 
and disease management across all categories of breeders. Although prophylactic treatments 
are widely applied, an increase in knowledge of current scientific recommendations is 
advisable. Additionally, a higher awareness for control over aversive stimuli for pregnant dams 
and puppies is desirable, especially in small-scale breeders. Large-breeders could make more 
efforts to provide enriched environment and diverse positive social interactions, without 
compromising the biosecurity. The results also indicate that the breeder category has an effect 
on behavioural tendencies, and that puppies from commercial breeders are more proactive. 
More research is needed to determine the influence of this behavioural tendency of puppies on 
the behaviour later in life.  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De toenemende populariteit van de hond heeft geleid tot een verschuiving in kweekpraktijken, 
wat een maatschappelijk debat over intensieve hondenkwekerij op gang heeft gebracht. De 
omgeving die door de hondenkweker gevormd wordt, vormt een belangrijk onderdeel van de 
gedragsontwikkeling van puppy's en nadelige situaties bij de kweker kunnen leiden tot 
gedragsstoornissen in het latere leven van de hond. Er zijn grote verschillen tussen de 
verschillende types hondenkwekers en er wordt gesuggereerd dat de puppy's afkomstig van 
intensieve kweekbedrijven inferieur zijn. Tot op heden is er echter geen systematisch onderzoek 
van de verschillende types kwekers uitgevoerd. 

De omgeving bij de kweker kan tevens verschillende ziekteverwekkers herbergen die de 
gezondheid en het welzijn van de puppy's schaden of een zoönotisch risico vormen. Bovendien 
lopen puppy's en drachtige teven meer risico om een ziekte op te lopen. Geschikte strategieën 
om de bioveiligheid te handhaven, die tevens rekening houden met de omgevingsfactoren, zijn 
van groot belang om ziektes te beperken. Echter momenteel ontbreken richtlijnen om de 
socialisatie en het omgevings-gerelateerd leren van puppy’s te stimuleren zonder hun welzijn en 
gezondheid in gevaar te brengen

Het is van cruciaal belang om de omstandigheden bij de verschillende types kwekers, die van 
invloed kunnen zijn op de gezondheid, hygiëne, socialisatie, omgevings-gerelateerd leren en 
welzijn, te onderscheiden. De beoordeling van het gedrag en de gezondheid van de puppy’s in 
relatie tot de omgeving zal potentiële verbeterpunten kunnen bieden. Ten slotte zal een 
evaluatie van het gedrag van de hond kort na aanschaf, zoals waargenomen door de eigenaar, 
helpen om de verschillen tussen de types fokker in kaart te brengen. 

Om alle factoren die de gedragsontwikkeling en de gezondheid van puppy's beïnvloeden 
tijdens hun verblijf bij de kweker te kunnen beoordelen is bijgevolg een multidisciplinaire 
aanpak vereist.

Eerst hebben we een cross-sectionele studie uitgevoerd, die een aanzienlijke variabiliteit in de 
omgeving bij hondenkwekers aan het licht bracht. Kleinschalige kwekers, met name 
occasionele kwekers (minder dan 10 volwassen honden ter plaatse), voorzagen de meeste 
verrijking, zowel sociaal als niet-sociaal. Bijvoorbeeld door drachtige teven en puppy's meer 
toegang naar buiten te bieden, of door bezoekers vrije toegang te verlenen. Omgevings-
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gerelateerde stimuli werden minder gecontroleerd bij occasionele kwekers, wat het debat over 
kwantiteit versus kwaliteit van stimuli op jonge leeftijd doet oplaaien. Grootschalige kwekers 
verklaarden dat potentiële eigenaren minder intensief gescreend werden en de tijd om hen te 
adviseren was beperkt.

Ten tweede hebben we een cross-sectionele studie uitgevoerd naar gezondheidsmanagement 
en bioveiligheidsmaatregelen in 102 Belgische hondenkwekerijen. Veterinaire profylactische 
protocollen (d.w.z. vaccinatie, endoparasitaire en ectoparasitaire behandelingen) werden ruim 
toegepast bij alle types kwekers. Daarnaast verklaarde 13,8% van alle bezochte kwekers 
antimicrobiële middelen toe te dienen aan elke teef postpartum en 10,3% meldde dat ze alle 
puppy's, of tenminste allen van één ras, systematisch met antimicrobiële middelen behandelen. 
Grootschalige kwekers verklaarden vaker personeel in dienst te nemen en bleken meer 
vertrouwd te zijn met de principes van bioveiligheid. In vergelijking met kleinschalige kwekers 
verklaarden ze vaker desinfectie en hygiënische maatregelen toe te passen bij de volwassen 
honden en in de materniteit. Ze verklaarden ook vaker hygiënische maatregelen to te passen in 
de materniteit en bij de puppy's en hadden de neiging om vaker hygiënische maatregelen toe te 
passen bij de volwassen honden en om nieuw verworven honden in quarantaine te plaatsen in 
vergelijking met kleinschalige kwekers. Desalniettemin werd slechts een gematigde kennis en 
gebruik van desinfectie geconstateerd. Bij alle types kwekers werd de aanwezigheid van 
huisdieren geconstateerd, waarbij de regels van compartimentering werden overtreden.

Ten derde hebben we een longitudinale studie uitgevoerd waarbij 107 pups van 23 nesten in 
hun hok werden waargenomen in rust en terwijl ze werden blootgesteld aan een sociale 
(onbekend persoon) en een niet-sociale (onbekend object) verstoring. Dit gebeurde één week 
voor aanschaf, op de gemiddelde leeftijd van 9,4 weken (standaarddeviatie ± 2,9). Puppy's van 
commerciële kwekers vertoonden meer exploratieve activiteit vergeleken met puppy’s van alle 
andere types kwekers. Deze puppy's besteedden verhoudingsgewijs ook meer tijd aan het 
onderzoeken van het nieuwe object in vergelijking met puppy's van handelaren en hadden meer 
interacties met nestgenoten tijdens de niet-sociale verstoring. Er konden geen verschillen 
worden vastgesteld in de frequentie van sociaal conflicterende signalen in een van de 
contexten tussen de types kwekers.
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Als laatste werd er een cross-sectionele studie van juist aangeschafte puppy's uitgevoerd in 20 
dierenartsen praktijken. Puppy’s werden beoordeeld op gedrag, zowel door de dierenarts als 
door de eigenaar; en op gezondheid. Puppy's van handelaren werden vaker ter consult 
aangeboden vanwege ziekte in vergelijking met puppy's van occasionele kwekers. De leeftijd 
van de puppy was niet significant gerelateerd aan onderdelen van de gedragsbeoordeling door 
de dierenarts. Puppy's afkomstig van commerciële kwekers werden als minder angstig 
beoordeeld dan puppy's die door occasionele kwekers werden verkocht, en eigenaren van 
puppy's afkomstig van occasionele kwekers scoorden hun puppy hoger op agressie en angst 
voor vreemden en op niet-sociale angst, dan eigenaren van puppy's afkomstig van handelaren. 
Puppy's van occasionele kwekers bleken meer passief te zijn in vergelijking met puppy’s van 
alle andere types kwekers. 

De resultaten van dit multidisciplinaire onderzoek tonen aan dat er bij alle types kwekers 
aanzienlijk ruimte voor verbetering is op het gebied van hygiëne en gezondheidsmanagement. 
Hoewel profylactische behandelingen ruim worden toegepast, is een verbetering van de kennis 
van de huidige wetenschappelijke aanbevelingen aan te raden. Daarnaast is een verhoogd 
bewustzijn voor de controle van aversieve stimuli bij drachtige teven en puppy's wenselijk, 
vooral bij kleinschalige kwekers. 

Grootschalige kwekers zouden meer inspanningen kunnen leveren om een verrijkte omgeving 
en diverse positieve sociale interacties te bieden, zonder de bioveiligheid in gevaar te brengen. 
De resultaten geven ook aan dat het type kweker een effect heeft op gedragstendensen en dat 
puppy's van commerciële kwekers meer proactief zijn. Meer onderzoek is nodig om te bepalen 
wat de invloed is van de gedragstendens van een puppy op het gedrag later in het leven. 
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The increasing popularity of dogs has provoked a shift in breeding 
practices, giving rise to a societal debate on intensive dog breeding. 
The environment shaped by the breeder plays an important role in the 
behavioural development of puppies, and adverse situations at the 
breeder can result in behavioural impairment later in life. Additionally, 
the environment at the breeder can harbour various pathogens that will 
impair the puppies’ health and welfare or represent a zoonotic risk, and 
puppies and pregnant dams are more at risk to contract a disease.

The overall goal of this research is to contribute to the knowledge base 
of puppy husbandry practices and selling practices in Belgium, the 
variation between different breeder types, and the effects thereof on 
puppy health and behaviour. 

To assess all factors that influence the behavioural development and 
the health of puppies during their time at the breeding facility,  Pierre-
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